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Introduction  and  Statement  of  Problem^ 

It  has  long  been  recognized  that,  under  certain  con- 
ditions, an  atom  of  hydrogen,  already  covalently  bonded  to 
one  atom,  is  attracted  by  rather  strong  forces  to  a  second 
atom,  with  the  result  that  the  hydrogen  atom  may  be  visualized 
as  acting  as  a  bond  between  these  two  atoms*    This  is  called 
the  hydrogen  bond. 

The  hydrogen  bond  is  relatively  weak,  being  of  the 
order  of  5  kcal.  per  bond;  it  is,  however,  of  great  importance^ 
influencing  to  a  significant  degree  the  physical  and  chemical 
properties  of  compounds  of  such  widely  separated  types  as 
water  (15)  and  globular  proteins  (19), 

In  the  past  twenty  years,  much  work  has  been  done  In 
an  effort  to  elucidate  the  nat\xre  of  the  hydrogen  bond#  Two 
generalizations  have  been  furnished  by  this  work:    first,  the 
hydrogen  bond  is  generally  a  bond  through  hydrogen  between 
two  atoms;  second,  only  the  most  electronegative  atoms  are 
hydrogen  bonded  ( 1, 11, 14, 19) «    Corollary  to  the  second  gener- 
alization. It  is  believed  that  the  hydrogen  bond  la  electro- 
static in  character  (19),  inasmuch  as  the  hydrogen  atom  has 
only  one  stable  bond -forming  orbital  (the  Is  orbital)  and  the 
formation  of  a  second  bond  employing  a  2a  orbital  would  lead 
to  a  highly  unstable  system. 

The  most  precise  estimate  of  the  strength  of  a 
hydrogen  bond  in  a  compound  la  obtained  through  a  study  of 
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the  variation  of  the  vapor  density  of  the  compound  with 
temperature.    This  method  is  essentially  the  Dumas  method 
for  determining  the  molecular  weight  of  a  gas.    Knowing  the 
apparent  molecular  weight  and  the  corresponding  vapor  pres- 

li 

sure,  it  is  possible  to  derive  a  relationship  for  the 
equilibrium  constant  for  the  system  ( polymer ^^=^5  monomer ) 
and  from  this,  the  heat  of  association  may  be  calculated  by 
the  van't  Hoff  equation©    The  heat  of  association  divided  by 
the  polymerization  order  number  yields  the  strength  of  one 
hydrogen  bond©  II 

An  alternative  method  for  quantitative  investiga- 
tion of  the  molecular  state  of  the  vapor  of  a  compound  is 
through  the  use  of  infra  red  absorption  spectra.    This  method 
has  more  error  associated  with  it© 

Latimer  and  Rodebush  (15)  observed  in  1920  that  the 
dimerization  of  acetic  acid  could  be  explained  in  terms  of 
hydrogen  bond  formation.    This  has  since  been  shown  to  be  a 
generalized  phenomenon  of  molecules  possessing  a  carboxyl 
group©     In  the  past  twenty  years,  numerous  quantitative  inves- 
tigations have  been  made  on  the  heats  of  association  of 
several  of  the  low  molecular  weight  aliphatic  carboxylic  acids© 
These  results  are  summarized  in  Table  1© 

The  dimer  of  formic  acid  has  been  subjected  to  a 
careful  study  by  Pauling  and  Erockway  (20).    Using  electron 
diffraction  methods,  they  concluded  that  the  structure  of 
formic  acid  could  best  be  represented  as 
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0-H. ..0 

H-C  \-H  , 

\  / 
0.  •  .H-0 

where  the  broken  lines  Indioate  hudrogen  bonds.    The  hydrogen 
lies  on  the  line  joining  the  two  oxygen  atoms,  and  the  two 
carboxyl  groups  lie  in  the  same  plane.     It  was  believed  by 
these  authors  that  the  highest  order  polymer  of  formic  acid 
is  the  dimer.     Indeed,  Hammett  (8)  has  stated  that  dimeriza- 
tion  represents  the  full  tendency  toward  polymerization  of 
the  carboxylic  acidso    However,  MacDougall's  work  on  acetic 
and  propionic  acida  (16)  seems  to  indicate  that  some  higher 
order  polymerization  is  involved  in  these  compounds© 

Ritter  and  Simon's  work  (23)  confirms  this  view- 
point.   They  state  that  there  is  at  least  one  polymer  of 
order  higher  than  the  dimer  and  they  have  derived  evidence 
in  support  of  the  theory  that  the  next  higher  polymer  is  the 
tetramer.    The  evidence  which  these  authors  present  seems  to 
leave  very  little  doubt  that  some  polymer  of  order  greater 
than  two  was  indeed  present.     It  is  felt  however  that  the 
structure  suggested  for  the  tetramer  required  much  stronger 
support,  inasmuch  as  the  proposed  structure  involves  hydrogen 
with  a  coordination  number  of  three,  which  is  extremely  rare. 

Reference  to  Table  1  shows  that  there  would  appear 
to  be  a  gradual  increase  in  the  strength  of  the  hydrogen  bond 
as  the  aubstituent  o*.  to  the  carboxQ/y^  group  becomes  less 
electronegative.    Thus,  the  strength  of  the  bond  for  formic 
acid  is  7*05  kcal»,  for  acetic,  7«25  kcal.,  and  for  propionic^ 
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i 
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9.0  kcal.     Inasmuch  as  the  hydrogen  bond  is  primarily  electro- 

I    static  in  character,  it  was  felt  that  an  investigation  of  the 

i 

I  effect  of  strongly  electronegative  substituenta   ot  to  the 
carboxyl  group  would  prove  of  interest* 

II  Prediction  as  to  the  effects  of  substituenta  on  the 
strength  of  the  hydrogen  bond  of  the  aliphatic  carboxylic 
acids  is  quite  complicated.     It  is  well  known  that  the  hydro- 

!  gen  bond  is  capable  of  forming  only  between  two  strongly 
electronegative  atoms*    Therefore,  in  trif luoroacetic  acid, 
one  might  visualize  any  of  the  normal  bonds,  and  also 

a  head-to-tail  polymerization  of  the  sort 


0-H 


or  possibly  a  combination  of  the  two.  It  is  impossible  to 
state  with  any  certainty  whether  0-H».»0  bonds,  or  0-H...P 

I   bonds  will  predominate.    As  a  first  approximation,  however, 
a  consideration  of  the  bond  dipole  moments  of  the  -CsO  group 
and  the  -C-F  group  may  prove  instructive.     Generally,  the 
bond  moment  of  a  carbonyl  group  is  about  2,8  Debye  units, 
that  of  a  carbon-fluorine  single  bond,  about  1,4  D.  (19). 
(The  value  for  the  carbon-oxygen  double  bond  is  the  average  of 
a  number  of  aliphatic  ketones  and,  therefore,  is  not  strictly 

I  applicable  to  a  carboxyl  group.    It  is  felt,  however,  that  the 


1 
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m 

Influence  of  the  hydroxyl  group  does  not  affect  the  carbonyl 
bond  moment  sufficiently  to  detract  from  the  qualitative 
cogency  of  the  argument  to  follow.)    Clearly,  the  more 
negative  group  will  yield  the  greater  coulombic  interaction; 
therefore,  one  would  predict  that  head-to-head  polymerization 
would  predominate  and  that  head-to-tail  structures  would  be 
only  of  the  second  rank  in  importance.    Another  argument  in 
favor  of  0-H...0  bonding  is  the  reported  electron  diffrac- 
tion study  of  trif luoroacetic  acid  (13)  which  has  assigned 
the  structure 

P-C-G  .C-CP, 
0-H..O 

to  the  dimer. 

It  is  equally  difficult  to  predict,  even  in  a 
qualitative  way,  the  hydrogen  bond  strength  of  trif luoro- 
acetic acid.    By  consideration  of  the  relative  electronega- 

tivities  of  substituent  groups,  one  would  conclude  that  the 

hydrogen  bond  strength  of  trif luoroacetic  acid  would  be  less 

than  that  of  acetic  acid*     If  one  assumes  acetic  acid  as  a 

standard  of  reference  against  which  trif luoroacetic  acid 

may  be  compared,  the  following  situation  is  encountered.  In 

the  system  as  reported  by  Karle  and  Brockway,  the  presence  of 

the  strongly  electronegative  -CP„  groups  leads  to  polariza- 

o 

tion  of  the  carboxyl  groups.     If  one  treats  the  hydroxyl 
group  alone,  it  would  appear  that  polarization  of  the  hydroxyl 
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oxygen  will  lead  to  a  more  ionic  -0-H  bond,  and,  hence,  to  a 
stronger  hydrogen  bond*    On  the  other  hand,  polarization  of 
the  carbonyl  oxygen  will  take  place  and,  in  all  probability, 
to  a  greater  extent  than  is  the  case  with  the  hydroxyl 
oxygen*    Since  this  would  tend  to  decrease  the  negative 
charge  on  the  oxygen  to  a  greater  extent  than  the  positive 
charge  on  the  hydrogen  is  increased,  one  is  led  to  the  con- 
clusion that  the  hydrogen  bond  of  trif luoroacetic  acid  will 
be  weaker  than  that  of  acetic  acid»    The  results  of  this 
research,  however,  do  not  confirm  this  prediction. 


II 


Description  of  the  Apparatus* 

For  purposes  of  description,  the  apparatus  employed  i| 
in  this  research  may  be  conveniently  divided  into  the 
following  units:     the  high  vacuum  line;  the  purification  ' 
apparatus;  thermostat  "A"  (bulb  thermostat);  thermostat  "B"  || 
I    (burette  thermostat);  bulb -and -burette  assembly;  electrical 
'   measuring  equipment. 

The  high  vacuum  line  is  shown  in  Figure  1  and  was 
made  up  of  a  McLeod  gauge  (A),  a  mercury  diffusion  pump  (B), 
a  coil  heater  (C),  two  U-type  mercury  valves  (D,E),  a  cold 
trap  (F),  stopcock  system  (G,H),  three  Wolff  bottles  (J),  i 
and  a  backing  pump.    The  line  was  mounted  on  a  rack  of  the  i 
usual  type  (5,29). 

The  purification  apparatus  consisted  of  two  units:  || 
the  fractional  crystallization  apparatus;  and  the  storage 
system* 

The  fractional  crystallizer  is  shown  in  Figure  2, 
and  consisted  of  a  pear  shaped  flask  (A)  of  about  100  cc« 
capacity,  to  whose  narrow  end  a  tube  extension  of  about  25 
cc.  volume  (E)  was  attached.    A  trap  (M)  completed  the 
assembly.    The  flask  was  equipped  with  a  thermocouple  well 
(C),  a  stirrer  (D),  a  stirrer  support  (E),  an  internal  | 
vacuum  breakoff  tip  (F),  a  filling  tube  (G),  a  sintered  | 
glass  filter  (H),  and  a  stopcock  (J)o 
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HIGH  VACUUM  LINE 


FIGURE  I 
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FRACTIONAL  CRYSTALLIZATION  APPARATUS 

FIGURE  2 
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The  thermocouple  well  was  made  of  3  mm*  tubing  and 
terminated  about  halfway  down  into  the  tube  extension.  It 
was  centered  as  closely  as  possible  in  the  tube  and  was 
sealed  into  the  top  of  the  crystalllzero 

The  stirrer  was  made  of  a  coiled  length  of  14  gauge 
platinum  wire  sealed  into  3  mm«  rod©    At  the  other  end  of 
the  rod,  a  glass  casing  was  attached  which  contained  a  length 
of  soft  iron  rod*    In  operation,  stirring  was  achieved  by 
use  of  a  solenoid  activated  by  a  current  interrupter* 

The  sintered  glass  filter  was  10  mm*  in  diameter, 
coarse  grade,  made  by  Corning  Glass  Works*     (J)  was  a  6  mm* 
bore  solid  core  stopcock.     Internal  vacuum  breakoff  tips 
were  made  according  to  the  method  described  by  Mair,  et  al* 
(17)* 

The  sample  storage  manifold  is  shown  in  Figure  3© 
Thermostat  '*A"  (bulb  thermostat)  is  shown  in  Figure 
4«    The  thermostat  was  an  iron  tub  with  a  rounded  bottom*  The 
tub  rested  in  a  plywood  box,  and  the  interspace  between  tub 
and  box  was  packed  with  rockwool*    The  thermostat  was  equipped 
with  a  stirring  chimney  (A),  a  stirrer  (B),  a  heater  coil 
(C),  an  auxiliary  heater  (D),  a  cooling  coil  (E),  and  a 
mercury  thermoregulator  (F).    The  head  of  the  Thermoregulator 
is  shown  in  Figure  5,  and  the  thermostat  circuit  is  shown  in 
Figure  6*    The  latter  is  controlled  by  a  standard  relay, 
manufactured  by  the  Sargent  Instrument  Co* 

Thermostat  "B"  (burette  thermostat)  is  shown  in 


THERMOSTAT  'A' 
(Bulb  Thermostat) 


FIGURE  4 


<0 


(10) 

Figure  7o    The  thermostat  was  a  glass  test  tube  made  of  4 
inch  tublng»     It  was  mounted  and  fitted  In  a  manner  similar 
to  that  of  thermostat  "A",  with  the  exception  that  the  former 
was  equipped  with  a  viewing  window  through  which  measurements 
could  be  taken. 

The  bulb-and -burette  assembly  is  shown  in  Figure 
8.      The  bulb  (A-  about  250  cc.  volume)  was  connected  through 
an  arm  (C)  to  the  burette  (B-  a  60  cm.  length  of  4  mm* 
"trubore"  tubing). 

The  connecting  arm  was  equipped  with  nine  glyptal 
coated  copper-constantan  thermocouples,  fairly  evenly  spaced 
along  the  arm.    The  arm  was  then  covered  with  a  layer  of 
asbestos  tape,  over  which  was  placed  a  wrapping  of  aluminum 
foil.    The  aluminum  foil  was  then  coated  with  a  layer  of 
asbestos  tape  and  the  arm  heater  was  laid  on  this  layer  of 
asbestos.    Forty  feet  of  nlchroroe  wire,  the  resistance  of 
which  was  1.7  ohms/foot,  was  used.    The  heater  was  covered 
with  a  layer  of  asbestos  tape,  and  the  latter  was  wrapped  with 
a  layer  of  aluminum  foil*    The  arm  was  finally  wrapped  with 
a  i  inch  layer  of  asbestos  tape,  and  the  latter  was  cemented 
in  place  with  a  coating  of  waterglass* 
1                   The  electrical  measuring  equipment  is  shown  in 
Figure  9.    The  equipment  used  consisted  of  a  type  K-2 



*this  apparatus  has  been  described  by  Simons  and  Ritter  (24). 
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THERMOSTAT  'B' 
(Burette  Thermostat) 


FIGURE  7 
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BULB  AND  BURETTE  ASSEMBLY 


FIGURE  8 
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POTENTIOMETER  CIRCUIT 

FIGURE  9 
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potentiometer  (A)  manufactured  by  the  Leeds  and  Northrup 
Co.,  a  galvanometer  (B),  a  standard  cell  (C),  and  a  single 
junction  copper-constantan  thermocouple  (D)» 

The  galvanometer  was  produced  by  Leeds  and  Northrup, 
Catalogue  No.  2500,  and  was  matched  to  the  potentiometer 
circuit.    The  galvanometer  was  enclosed  in  a  cylindrical 
copper  shield,  and  the  latter  was  grounded.    The  galvanometer 
was  mounted  in  a  Julius  suspension.    Readings  of  the  galvano- 
meter deflection  were  taken  through  a  10  power  telescope 
focussed  on  the  galvanometer  mirror  in  such  a  manner  as  to 
catch  the  reflection  of  an  Illuminated  meter  scale  suspended 
12  feet  from  the  floor  of  the  laboratory  and  14  feet  from  the 
galvanometer.    Such  an  arrangement  yielded  a  sensitivity  of 
3  cm.y^v. 

The  copper-constantan  thermocouples  were  made  of 
No.  36  B&S  gauge  copper  wire  and  No.  30  B&S  gauge  constantan 
wire  (1938  calibration)  furnished  by  Leeds  and  Northrup»  The 
thermocouple  used  in  the  purification  work  had  soft  soldered 
junctions;  the  thermocouples  used  to  record  thermostat 
temperatures  were  brazed.     Leads  from  the  thermocouples  to  the 
potentiometer  were  made  of  leaded  cable,  the  casings  of  which 
were  ground edo 

Two  storage  batteries  (E)  were  connected  to  the 
potentiometer  through  an  external  resistance.    This  circuit 
remained  closed  at  all  times  to  provide  an  even  discharge 
rate  of  the  batteries.    The  batteries  were  enclosed  in  an 
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insulated  box  to  minimize  the  effect  of  temperature  change  of 
the  surroundings  on  the  output  of  the  batteries^ 

Burette  heights  were  read  by  means  of  a  Gaertner 
cathetometer,  equipped  with  a  100  cm«  scale.    The  cathetometer 
could  be  read  directly  to  millimeters  and  was  provided  with 
a  vernier  which  gave  readings  to  ±  0«005  cm.    The  cathetometer 
was  mounted  on  a  concrete  block  sunk  through  the  floor. 

The  liquid  density  of  trif luoroacetic  acid  was 
determined  by  use  of  a  dilatometer,  which  is  shown  in  Figure 
10,    This  consisted  of  a  bulb  of  approximately  1.5  cc« 
capacity,  blown  to  a  length  of  1  mm.  diameter  "trubore" 
capillary  tubing» 


DILATOMETER 


FIGURE  10 
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Purification  of  Trlf luoroacetlc  Acld» 

The  acid  used  in  this  research  was  obtained  as  the 
sodium  salt  from  the  Columbia  Chemical  Co.,  Colujnbia,  S.  C» 
The  salt,  as  received,  was  a  gray,microcrystalline,  slightly 
hygroscopic  powder. 

The  free  acid  was  obtained  by  treatment  with 
sulfuric  acid»    Sodium  trif luoroacetate  was  placed  in  a 
flask  equipped  with  a  condenser  and  a  dropping  funnel*  Three 
times  the  theoretical  amount  of  95%  sulfuric  acid  was  added 
dropwise;  the  reaction  mixture  was  held  at  about  10°.  The 
reaction  proceeded  rapidly  and  was  accompanied  by  a  large 
evolution  of  heat.     On  completion  of  the  sulfuric  acid 
addition,  a  dark  red  liquid  was  obtained.    Distillation  of 
the  free  acid  yielded  a  red  product  boiling  over  a  range 
from  50-90°.    When  the  distillation  was  conducted  at  atmos- 
pheric pressure,  yields  varying  from  40-60^  were  obtained, 
ristillation  at  5  mm.  pressure  produced  a  95%  yield  of  the 
impure  free  acid. 

Investigation  showed  that  the  red  color  was  due  to 
the  presence  of  elemental  iodine.    The  Impurity  was  removed 
by  fractional  distillation,  carried  out  in  a  two  foot,  vacuum 
jacketed  Vigreaux  column  (theoretical  plates  unknown).  It 
was  found  that  most  of  the  iodine  came  over  in  a  low-boiling 
forerun  between  52°  and  70°.     On  the  last  fractionation,  the 


acid  was  divided  into  three  portions,  and  the  middle  cut  was 

used  in  the  subsequent  fractional  crystallizations.  The 
middle  cut  boiled  at  71.71°  C«  (corr«),  and  consisted  of 
68  cc«  of  clear,  water  white  liquid. 

The  theory  underlying  purification  by  fractional 
crystallization  is  based  on  the  principle  that  slow  freezing 
of  a  liquid  containing  some  impurity  will  tend  to  concentrate 
the  impurity  in  the  liquid  phase  provided  solid  solutions  are 
not  formed.    Therefor^  by  drawing  off  the  mother  liquor, 
some  purification  is  effected.    Information  as  to  the  degree 
of  purity  attained  is  given  by  taking  freezing  points  on  the 
material  left  in  the  crystalllzer  after  removal  of  the  mother 
liquor.    A  rise  in  freezing  point  indicates  that  the  concen- 
tration of  impurity  has  been  lowered.    This  process  of  alter- 
nate crystallizations  and  freezing  points  is  continued  until 
no  improvement  of  the  freezing  point  is  noted  after  two 
series  of  fractional  crystallizations. 

The  acid  was  placed  in  the  crysta llizer,  frozen 

to  dry  ice  temperature,  and  the  crystallizer  was  sealed  off. 

The  latter  was  then  mounted  on  the  vacuum  line,  and  pumped 

for  several  minutes.    The  crystallizer  was  shut  off  from  the 

pumping  system,  the  acid  was  melted,  then  refrozen,  and  the 

crystallizer  was  pumped  out  again.    This  process  was  repeated 

four  times  to  remove  entrapped  air.    A  freezing  point  was 

then  taken.    The  crystallizer  was  fitted  with  an  air  jacket, 

o 

and  immersed  in  a  freezing  bath  maintained  at  -20±2  C»  The 
bath  was  stirred  by  bubbling  air  through  it.    The  liquid  acid 
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was  stirred  and  temperature  readings  were  taken.  Since 
trif luoroacetic  acid  displays  a  slight  supercooling  phenom- 
enon, the  point  at  which  crystals  first  appear  was  easily 
detectable.    The  temperature  at  this  point  was  taken  as  the 
true  freezing  point  of  the  acid  in  that  stage  of  purification. 
The  rxin  was  considered  at  an  end  when  the  stirrer  was  frozen 
in. 

The  crystallization  technique  employed  involved  slow 
freezing  of  the  acid  till  about  90^  had  solidified,  and  then 
filtering  off  the  mother  liquor.    The  crystalllzer  was  immersed 
in  a  freezing  bath  held  at  -  18±2°C.,  and  the  acid  was 
stirred  by  swirling  the  crystalllzer  in  the  bath.  When 
about  90^  of  the  acid  was  frozen,  the  crystalllzer  was  con- 
nected to  the  cold  trap,  the  trap  was  pumped  out,  the 
crystalllzer  was  inverted,  the  stopcock  was  opened,  and  the 
mother  liquor  was  drawn  off  into  the  trap. 

A  total  of  eight  crystallizations  were  done  in 
three  series.    The  first  series  consisted  of  three  crystalliza- 
tions in  which  9  cc,  4  cc»,  and  2  cc,  respectively  were 
drawn  off.    Then  a  freezing  point  was  taken.    The  second 
series  consisted  of  three  crystallizations,  in  which  3  cc, 
4  cc,  and  3  cc,  respectively,  were  filtered  off.    Then  a 
freezing  point  was  taken.     The  third  series  consisted  of  two 
crystallizations  in  which  2  cc,  and  3  cc,  respectively, 
were  removed.    Then  a  freezing  point  was  taken.    These  data 
are  presented  in  Tables  22-26  (Appendix  I). 
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The  freezing  point  had  not  changed  aensitly  after 
the  first  series  of  crystallizations.    Therefore,  it  was  con- 
cluded that  the  acid  had  been  purified  as  well  as  possible 
with  the  available  apparatus.    The  freezing  point  was  found 

0 

to  be  -15.20A:0,01    C.    The  only  reported  literature  value 
(26)  is  -16.25°  C. 

The  degassing  procedure  was  then  repeated  three 


times,  and  the  filter  arm  was  sealed  off.    This  was  found  to 
be  a  necessary  precaution,  since  trif luoroacetic  acid 
attacked  stopcock  grease.     (The  lubricants  tested  were  Dow- 
Corning  Silicone  Grease,  and  A78-580,  made  by  Eberbach  and 
Son  Co. ) 

The  storage  manifold  was  then  sealed  to  the  internal 
vacuum  breakoff  tip,  the  purified  acid  was  frozen  to  dry  ice 
temperature,  the  tip  was  smashed,  the  whole  system  was 
reevacuated,  and  the  acid  was  distilled  under  vacuum  into  the 
storage  bulbs.    When  these  bulbs  were  sealed  off,  both  the 
acid  in  the  bulbs  and  in  the  main  reservoir  were  frozen  to 
dry  ice  temperature. 

The  purification  data  are  presented  graphically  in 
Figures  11  and  12. 

The  efficiency  of  the  crystallizcr  was  checked  by 

repeating  the  purification  procedure  with  acetic  acid.  The 

Q     It  s«*c. 

freezing  point  of  the  acetic  acid  rose  from  15.60    C.^  (Pure 
acetic  acid  melts  at  16.60°  C. 


An  analysis  for  fluorine  was  carried  out  (28). 
Calculated  for  fluorine:    49,99^;  found:    49.84^,    An  analysis 
for  combined  other  halogen  was  carried  out:    Found:  O.OO^, 


Determination  of  the  Vapor  Pressure  of  Trlf luoroacetlc  Acldo 

There  is  no  information  available  in  the  literature 
concerning  the  vapor  pressure  of  trif luoroacetlc  acid.  The 
vapor  pressiire  was  therefore  determined  in  an  approximate 
manner.     (It  was  felt  that  a  more  precise  investigation  lay 
outside  the  scope  of  this  research.) 

The  vapor  pressure  was  determined  by  means  of  a 
U-tube  manometer  made  of  8  mm*  tubing.    Both  sides  of  the 
manometer  were  connected  through  stopcocks  to  the  high  vacuum 
line;  one  side  of  the  manometer  was  connected  to  a  storage 
bulb  equipped  with  an  internal  vacuum  breakoff  tip.  Differ- 
ences in  mercury  levels  were  read  by  means  of  the  catheto- 
meter. 

Both  sides  of  the  manometer  were  evacuated  for 

several  hours;  then,  the  stopcocks  were  closed  and  the 

mercury  levels  were  read  at  intervals  over  a  period  of  two 

hours  with  the  cathetometer.    No  visible  change  was  observed. 

The  pressure  in  the  manometer  system  just  after  evacuation, 

-5 

as  measured  by  the  McLeod  gauge  was  10      mm.    The  pressure 

-G 

at  the  end  of  the  two  hour  period  had  dropped  to  5  x  10 
mm.     It  was  felt  that  this  was  a  good  enough  vacuum  for  the 
vapor  pressure  measurements. 

The  manometer  arms  were  reevacuated  for  one  hour, 
the  stopcocks  were  then  closed,  the  mercury  levels  were 
checked  for  equality,  and  the  breakoff  seal  was  smashed  with 


« 
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a  megnetlcally  actuated  Iron  core  encased  in  glass» 

The  acid  was  held  at  different  temperatures  by 

Immersing  the  sample  in  a  Dewar  vessel  containing  water  at 

the  desired  temperature.    The  water  was  stirred  by  means  of 

a  compressed  air  bubbler*    The  tempera tufe  of  the  thermo- 

o 

stating  bath  was  constant  to  d=.0.5    C.    Temperatures  were 

o 

measured  with  a  110    thermometer  reading  directly  to  one 

degree.    The  thermometer  was  checked  against  a  calibrated 

o 

thermometer  and  found  to  be  accurate  to  t0«2    C.  In  the 
range  used» 

It  was  not  possible  to  obtain  readings  above  room 
temperature,  since  the  application  of  a  bath  at  a  temperature 
higher  than  that  of  the  room  set  up.  In  effect,  a  vacuum 
distillation  with  the  acid  distilling  out  of  the  sample  bulb 
and  condensing  on  the  walls  of  the  system.    The  reading 
above  20°  C.  was  obtained  by  using  the  room  as  an  air  thermo- 
stat and  heating  the  room  to  higher  temperatures. 

Several  readings  were  taken  with  the  cathetometer 
at  each  temperature  setting  to  check  the  precision.    Each  arm 
of  the  manometer  was  read  alternately.    The  readings  obtained 
with  the  cathetometer  were  accurate  to  only  ^  0.01  cm.  due 
to  the  instability  of  the  cathetometer,  which  could  not  be 
mounted  on  the  concrete  block  for  this  work. 

The  results  obtained  are  presented  in  Table  2. 

With  these  data,  1/T  and  log      p  were  calculated  and  these 

10 

values  are  shown  in  Table  3*    Figure  13  Is  a  graphical  repre- 
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Table  3 

1/^  and  log      p  as  calculated  from 
Table  2 

Temparature  Temnerature    1        -.3       Pressure        log  p 

(  C.)  (  K.)  —  ^1^^  lo"^ 


(e  KO 

(mm. ) 

0 

273.1 

3.662 

29.5 

1.4692 

10 

283.1 

3.532 

50.9 

1.7071 

12 

285.1 

3.508 

58o5 

1.7669 

21 

294.1 

3.403 

91.1 

1,9593 

30 

303.1 

3.296 

137.5 

2.1383 

344*8 

2.900 

760.0 

2.8808 

(22) 


aentation  of  the  data  of  Table  3  and  was  used  to  obtain  the 
necessary  vapor  pressure  information  required  in  the  sub- 
sequent calculations. 

The  accuracy  of  the  experimentally  determined  vapor 
pressure  is  probably  ±1  mm»    The  accuracy  of  the  vapor 
pressure  obtained  by  using  Figure  2§  ranges  from  ±1  mm#  at 
higher  values  of  1/T  to  ±  5  mm*  at  lower  values  of  l/T  (that 
is,  there  is  an  error  of  1%  associated  with  the  reading  of 
the  curve. 


(23) 
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Determination  of  the  Liquid  Penalty  of  Trif luoroacetlo  Acld« 

There  are  no  data  available  In  the  literature  on 
the  liquid  density  of  trif luoroacetlo  acld»     Such  a  deter- 
mination was  therefore  carried  out  as  a  part  of  this  research. 
The  dilatometer  used  for  this  work  has  already  been  des- 
cribed. 

The  capillary  was  cleaned  as  follows.     It  was 
Immersed  in  aqua  regia  for  six  hours,  washed  with  one  liter 
of  distilled  water,  then  soaked  in  cleaning  solution  for 
twelve  hovirs  and  finally  washed  with  three  liters  of  dis- 
tilled water.    It  was  then  rinsed  with  successive  portions 
of  100  cc.  each  of  Baker* s  CP.  analyzed  acetone  and  ether, 
and  sucked  dry  on  the  house  vacuum.    In  the  last  step,  the 
open  end  of  the  capillary  was  equipped  with  a  dust  trap  made 
of  a  one  foot  length  of  10  mm.  tubing  packed  with  glass  wool. 

The  uniformity  of  bore  of  the  capillary  was 
checked  in  the  following  manner.    A  10  cm.  slug  of  mercury 
(triple  distilled)  was  sucked  into  the  capillary  and  held  in 
place  by  a  pinchclamp  arrangement  on  either  end  of  the  capil- 
lary.   Before  use,  the  mercury  was  sprayed  down  a  three  foot 
column  filled  with  a  lj5  nitric  acid  solution,  after  which 
it  was  shaken  with  ten  50  cc.  pojilons  of  distilled  water,  two 
50  cc.  portions  of  acetone,  and  one  50  cc.  portion  of  ether. 
Then  It  was  pumped  dry. 
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The  capillary  was  aligned  with  the  vertical  cross- 
hair in  the  cathetometer  telescope,  and  readings  of  the 
length  of  the  mercury  slug  were  taken#    Each  reading  over- 
lapped the  previous  one.     These  data  are  presented  in  Table 
26  (Appendix  1),    Several  readings  were  taken  at  each  position 
of  the  slug  to  check  precision.    Upper  and  lower  readings 
were  taken  alternately*    The  length  of  the  slug  was  found  to 
be  essentially  uniform  {±0*01  cm*)«    The  diameter  of  the 
capillary  was  calculated  to  be  1. 000  ±:  0.001  mm. 

A  calibrating  scratch  was  marked  at  the  top  and 
bottom  of  the  capillary  with  a  diamond  tool*    The  capillary 
was  almost  completely  filled  with  mercury,  mounted  in  a 
vertical  position,  and  the  distance  between  the  scratches, 
and  the  length  of  the  mercury  column  were  measured.  These 
data  are  recorded  in  Table  27  (Appendix  1).    Then  the 
mercury  was  weighed,  and  the  capillary  volume  was  calculated. 

A  bulb  was  blown  to  one  end  of  the  capillary;  the 
other  end  was  fitted  with  a  male  joint*     It  was  capped  with 
a  female  and  weighed*    The  dilatometer  was  then  attached  to 
a  female  mounted  on  a  manifold.    A  test  tube  was  charged  with 
about  10  cc.  of  distilled  water  and  attached  to  the  manifold. 
The  assembly  was  connected  to  the  high  vacuum  line  and  pumped 
out  after  the  water  was  frozen  to  dry  ice  temperature*  The 
water  was  degassed  several  times,  and  water  was  distilled 
into  the  dilatometer  to  a  point  above  the  reference  scratch 
at  the  bulb  end  of  the  capillary.    Distillation  was  stopped 


by  bringing  the  system  to  atmospheric  pressure;  then  the 
dilatometer  was  removed  from  the  system,  immediately  capped, 
and  mounted  and  leveled  vertically*    The  distance  between  the 
meniscus  of  the  liquid  and  the  reference  scratch  was  then 
measured*    These  data  are  recorded  in  Table  28  (Appendix  1)« 
The  temperature  was  read  with  a  110^  thermometer  accurate  to 
±.  0»2^,    The  dilatometer  was  then  weighed  and  the  volume  of 
the  bulb  up  to  the  reference  scratch  was  calculated.  This 
calculation  is  included  in  Table  28» 

The  dilatometer  was  emptied  by  pumping  out  the 
water,  and  was  then  evacuated  for  several  hours  to  ensure 
drying.     It  was  then  mounted  on  a  manifold  which  was  connected 
to  a  storage  bulb,  and  the  whole  system  was  joined  through  a 
stopcock  to  the  high  vacuum  line*    The  manifold  was  evacuated 
for  several  hours,  and  the  pressure  in  the  system  was  read; 
the  apparatus  was  closed  off  from  the  pumping  units  and  the 
pressure  was  taken  again  at  the  end  of  one  hour.     In  that 
period,  the  pressure  had  risen  from  10  ^  to  2  x  10  ^  mm., 
which  was  considered  to  be  sufficient  evidence  that  the 
system  was  leakproof» 

The  manifold  was  reevacuated  for  an  hour,  and  then 
shut  off  from  the  high  vacuum  line*    The  breakoff  tip  on  the 
storage  bulb  was  smashed  after  the  acid  in  the  bulb  had  been 
frozen  to  dry  ice  temperature.    The  acid  was  melted  and  a 
sufficient  quantity  was  distilled  into  the  dilatometer  to 
fill  it  to  a  point  just  above  the  bulb  calibration  scratch. 


c 


The  acid  in  the  dilatometer  and  in  the  storage  bulb  were 
frozen  simultaneously  to  dry  ice  temperature,  the  system  was 
opened  to  the  vacuum  line,  and  the  dilatometer  was  sealed  off 
at  the  upper  reference  scratch.    The  dilatometer  was  then 
weighed. 

The  dilatometer  was  mounted  in  a  wire  gauze  support, 
and  was  suspended  in  thermostat  "B"  by  means  of  thin  copper 
wire.     It  was  aligned  with  the  vertical  by  its  own  weight 
(checked  against  the  vertical  crosshair  of  the  cathetometer 
telescopev    The  thermostat    was  then  set  at  progressively 
higher  temperatures  and  the  distance  between  the  reference 
scratch  and  the  meniscus  was  measured  with  the  cathetometer* 
These  data  are  presented  in  Table  29  (Appendix  1)» 

It  was  now  possible  to  calculate  the  liquid  density 

of  trif luoroacetic  acid.     In  the  calculations,  corrections 

were  made  for  the  thermal  expansion  of  the  bulb  and  capillary 

and  for  the  mass  of  the  vapor  in  the  si)ace  in  the  capillary 

above  the  liquid.        As  an  example  of  the  procedure,  consider 

o 

the  data  obtained  at  51.79  Cj 

In  all  thermostat  work,  the  following  procedure  was  generally 
adhered  to.    After  the  first  indications  that  temperature 
control  had  been  achieved,  no  readings  were  taken  for  15 
minutes.    Then  at  least  three  separate  temperature  readings 
and  three  separate  cathetometer  readings  were  taken  at  ten 
minute  intervals.     If  the  readings  remained  constant,  it  was 
assumed  that  a  satisfactory  state  of  thermal  equilibrium  had 
been  attained.     If  the  readings  were  not  constant,  the  process 
was  repeated. 

4HQJ0  meniscus  correction  was  made  either  here  or  in  the  dilato- 
meter  calibration  as  it  was  deemed  insignificant. 


1 

the 

volume  of 

the  bulb  to  the  reference  mark  at 
27.8°  s  1.6558  cc. 

i 

• 

•  • 

at  51.79° 

,  the  volume  to  the  mark  s  (1.6558)  | 
/I-*'  (51.79-27.8)  (25x10    J/  =  1.6568  cc. 

the 

volume  of 

the  capillary  at  24.2°  =  7.4514x10"' 
cc./cm« 

• 

•  • 

0 

au  01. (s 

f    Zn.B   volume    a   \  /  .4D14X1U  J 

/I  ^ (51.79-24.2) (25xl0"^)7 
••3 

Z  7.4565x10  cc./cm. 

the 

length  of 

the  column  of  acid  a  44.127-32.045  1 

I  s  12.082  cm. 

•*.  the  volume  of  acid  in  the  capillary  s 

(7.4565x10"'^)  (12. 082)  r  0.0901  cc. 
and  the  volume  occupied  by  the  acid  -  1.6568  +  0.0901 

r  1.7469  cc. 

1  -   1   1        .  3.077x10"^ 

f      273.16    51.79  "  324. $5 

from  Figure  20,   log      p  s  2.553 

10 

|j  .:  p  =  357  mm. 

|l 

or,  p  s  0.47  atm. 

the  total  length  of  the  capillary  ■  27.242  cm. 
.*.  the  volume  of  the  dead  space  s 
\  (7.^565x10^3)     (27.242  -  12.082)  r  0.1130  cc. 

using  the  perfect  gas  equation, 
I  w  =  pVM 


II 


f 


r 


w  s  (0>47)(0.1150)(171.05) 
(82.05) (324.95) 

s  0.0003  gm. 

The  total  mass  of  trlf luoroacetlc  acid  s  2.4661  gm. 
the  mass  of  the  acid  as  liquid  •  2.4661  -  0.003  s 

2.4658  gm. 


and  the 


liquid  density  p  s  2.4658  s  1.4115  gm./cc. 
^  l.'/46§ 


In  these  calculations,  no  in  vacuo  corrections  were  applied 
to  the  weighings.    Such  an  omission  introduces  a  0.07^ 
error  into  the  density. 

In  order  to  obtain  the  mass  of  the  vapor  in  the 
dead  space,  the  assumption  was  made  that  the  vapor  is  50^ 
associated  and  that,  therefore,  the  molecular  weight  is 
171. 05»    Such  an  assumption  introduces  a  maximum  error  of 
±.  0.0001  gm.  in  the  evaluation  of  the  mass  of  the  vapor, 
which  causes  an  error  of  only  0.004^  in  the  mess  of  the 
liquid;  this  is  insignificant.    This  assumption  was  used 
throughout  the  liquid  density  calculations* 

A  summary  of  the  results  is  presented  in  Table 
The  data  are  shown  graphically  in  Figure  14. 

An  empirical  equation  representing  the  data  was 
determined.     In  general,  it  is  possible  to  obtain  several 
equations  of  different  types  which  will  express  the  given 
data  (25).     In  certain  special  cases,  the  data  will  suggest 
the  equation  that  will  best  represent  the  relation  correlating 


c 


(29) 


the  observed  values* 

A  procedure  known  as  the  method  of  differences  is 
applicable  to  the  data  at  hand.    Let  the  observed  values  be 
{t^,^^),   (i  =  0, 1,2, ..•,n)«    The  first  differences  are  defined 
by  the  expression 

the  second  differences  are  given  by 


th 


and  the  k      differences  are  defined  as 

If  the  t    form  an  arithmetic  progression,  and  if  it  can  be 
^  th 

shown  that  the  r  differences  of  the  jp^  are  constant,  then 
the  relation  connecting  the  variables  is 


jp  s  aQ-»-aj^t-»-a2t  -v 


(1) 


As  a  rule,  a  given  set  of  data  will  not  possess 

constant  differences  of  any  order,  but  the  r  differences 

will  be  sensibly  constant.     In  this  event,  an  equation  of 

the  type  (1)  will  be  a  more  or  less  valid  approximation  to 

the  relation  between  the  variables,  depending  on  the  degree 

th 

of  inconstancy  among  the  r  differences* 

Using  the  data  in  Figure  14,  an  arithmetic  pro- 
gression of  t^  and  its  corresponding       were  obtained  and 
the  method  of  differences  was  applied.    The  results  are  shown 
in  Table  S5I    It  will  be  noted  that  the  first  differences  are 
essentially  constant,  and,  as  a  first  approximation,  an 
adequate  representation  of  the  data  would  be  provided  by  the 
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expression 

j)  =  a^4-a^t  (2) 

which  is  the  equation  of  a  straight  line.    This,  however, 

will  not  suffice  since  visual  inspection  shows  the  curve  of 

Figure  14  to  be  non-linear.     It  was  felt  that  a  correction 

factor  to  compensate  for  this  non-linearity  should  be  added 

to  equation  (2).    Two  such  factors  suggested  themselves: 
t  2 

age  ;  or  a^t  .    The  latter  was  selected  because  it  was  felt 
that  the  deviation  from  linearity  of  the  data  did  not  increase 
sufficiently  rapidly  to  warrant  the  use  of  an  exponential 
function.    Therefore,  the  equation  selected  as  best  represent- 
ing the  data  was 

t  2 

p  =  a^  +   a^t  -I-  Bgt  .  (3) 

The  constants  were  determined  by  the  method  of  least 
squares,  which  yielded  the  equations 

iis^^  a^ti  4.  a^tl  -  Pi)  -1  2  0 

1/%^  Vi  -  f  i>       =  ^ 


t.   =  0 


Or  rewritten. 


Substituting  the  appropriate  summations  (whose  derivations  are 
shown  in  Table  14)  we  obtain  the  system  of  simultaneous 


Table 

5 

Analysis  of  Liquid  Density  Data 
Using  Method  of  Differences 

■t(  C) 

D 

 f  

35.0 

1.4519 

-0.0120 

40.0 

1.4599 

-0.0120 

45.0 

1.4279 

-0.0110 

50.0 

1.4269 

-0.0135 

55.0 

1.4034 

-e.ei24 

60.0 

1.3910 

-0.0122 

65.0 

1.3788 

-0.0128 

70.0 

1.3660 

-0.0130 

75.0 

1.3530 

-0.0131 

80.0 


1.3399 


(33) 


equations 

2  4^ 
8a    +  (4.4617x10  )a,  +  (2.6297x10  =  11.2111 

o  J.  ^ 

2  4  6  ^ 

(4.4517x10  )a^-*- (2.6297x10  )a^4-  (1.6370x10  m  6.2007x30 

(2.6297xl0^)a    +•  ( 1.6370x10^  )aT  +  ( 1.0200x10®  )a^  =  3.6420x10^ 

O  A  <& 

Solving,  we  have  a^  s  1,5402, a^^  -  -2.506x10       and  ag  z 
-7 

1.863x10     ;  and  the  empirical  equation  is 

-3  -7  2 

^  s  1.5402  -  (2.506x10     )t    +   (1.863x10  )t 

Employing  this  equation,  one  obtains  results  differing  from 

the  experimentally  determined  values  by  at  most  ±0.0006  gm#/ 

cc.     (Table  7  ). 
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Table  7 


Comparison  of  Experimentally  Determined  Liquid 
Density  with  that  Calculated  by  means  of 
the  Empirical  Equation 


1  n 

t  (°C-) 

(gm./cc. 

(observed) 

(gm./oc. 

(calculated) 

Deviation 

35.78 

1.4499 

1.4505 

+  0.0006 

41,08 

1.4374 

1.4376 

4-0.0002 

45.96 

1.4258 

1.4254 

-0.0004 

51.79 

1.4115 

1.4109 

-0. 0006 

58.30 

1.3951 

1.3947 

-0.0004 

63.70 

1.3819 

1.3814 

-0. 0005 

69.65 

1.3669 

1.3666 

-0. 0003 

78.91  1.3426  1.3427  +0.0001 


Determination  of  the  Menl3CU3  Correction.  j 
If  a  liquid  is  able  to  wet  the  walls  of  a  containing 
vessel,  a  meniscus  will  be  formed  whose  shape,  and,  therefore,  j| 
its  volume,  is  a  function  of  the  temperature  and  of  the  sur- 
face tension  (which,  itself,  is  temperature  dependent).  If 
the  meniscus  volume  is  not  corrected  for,  any  calculated 
volume  will  be  in  error  by  that  amounts    Frequently  (as  in 
the  liquid  density  calculations),  the  meniscus  correction  is 
a  negligible  term;  sometimes  it  is  not. 

There  are  no  data  in  the  literature  which  will 
permit  the  calculation  of  the  volume  of  the  meniscus  of 
trif luoroacetic  acid.    By  use  of  suitable  assumptions,  an 
approximation  may  be  made.    First,  it  is  necessary  to  assume 
that  the  interfacial  contact  angle  between  liquid  and  glass 
is  0°.     Inasmuch  as  this  is  known  to  be  the  case  for  water, 
acetic  acid,  and  trichloroacetic  acid,  it  is  felt  that  this 
assumption  is  justified.    The  second  assumption  is  that  the 
surface  tension  of  trif luoroacetic  acid  is  the  same  as  that 
of  trichloroacetic  acid.    This  assumption  is  probably  incor- 
rect, but  since  an  error  of  20%  in  the  value  assigned  for  the 
surface  tension  would  only  lead  to  an  error  of  db  0.002  cc«  in 
the  volume  of  the  meniscus  (in  a  tube  4  mm.  in  diameter), 
this  assumption  is  felt  to  be  satisfactory  for  the  purposes 
of  this  work.    This  assumption  is  felt  to  be  acceptable,  also 
inasmuch  as  acetic  acid  and  trichloroacetic  acid  values  for 


(37) 


their  respective  surface  tensions  at  comparable  temperatures 
do  not  differ  by  more  than  20^.    The  third  assumption  necessary 
is  that  d  ^/dT  (where       represents  the  surface  tension)  is 
the  same  for  acetic  acid,  trichloroacetic  acid,  and  trifluoro- 
acetic  acid* 

It  was  then  possible  to  make  use  of  a  table  given  in 

the  International  Critical  Tables  (12),  in  which  are  presented 

2  xi  3 
the  values  of  the  functions  g^r        ,  and  V ,  where  g  is 

the  gravity  constant  (980.7  cm./aec,  ),j?is  the  liquid  density 

(gm./cc«),  r  is  the  radius  of  the  tube  (cm. ,),-^is  the  surface 

tension  (dynes/cm.),  and        is  the  volume  of  the  meniscus 

(cc).     If  g,      ,  r,  and  if  are  known,  it  is  possible  to 

calculate  V  . 

m 

From  the  available  surface  tension  data  for  acetic 

acid  and  trichloroacetic  acid,  the  approximate  values  for  the 

surface  tension  of  trif luoroacetic  acid  were  obtained.  These 

values  are  presented  in  Table  8.    The  liquid  density  and  the 

tube  radius  are  known;  therefore,  gj^r         may  be  calculated, 

from  which  V    may  be  obtained.    These  results  for  trif luoro- 
m 

acetic  acid  are  presented  in  Table  8.    They  are  graphically 
depicted  in  Figure  15,  in  which  the  meniscus  volume  is  plotted 
as  a  function  of  temperature. 

If  one  assumes  that  the  meniscus  volume  as  calculated 
by  this  procedure  is  in  error  by  50^,  use  of  these  values  of 
the  meniscus  volume  introduces  a  maximum  error  of  0.3^  into 
the  determination  of  the  liquid  volume  in  the  burette  in  the 


(38) 


vapor  density  calculations  (see  below).  In  all  probability, 
the  error  is  not  that  large. 


Table  8 

Voliime  of  Meniscus  of  Trifluoroaoetic  Acid 


t  ft.) 

dynes/cm. 

(cm. ) 

V  /r3 

20 

3:3.2 

0.2  1.^902 

7.0^ 

,  0.^17 

0.0331 

^0 

30.3 

0.2  l.iH54 

7.3? 

0.507 

0.032^^ 

80 

27.3 

0.2  1.3^09 

7.71 

O.W 

0.0316 

1' 


( 


( 


Determination  of  the  Vapor  Density  of  Trlf luoroacetlc  Acid, 
j  A  description  of  the  bulb -and -burette  assembly  has 

already  been  presented  in  Section  II. 

The  burette,  as  received,  was  simply  a  tube  of 
assumedly  uniform  bore,  open  at  both  ends.     It  was  cleaned 
and  calibrated  for  uniformity  of  bore  with  both  ends  open. 
To  clean  the  burette  tube,  it  was  immersed  in  aqua  regis  for 
six  hours,  washed  with  two  liters  of  distilled  water,  then 
soaked  in  cleaning  solution  overnight,  and  finally  washed  with 
five  liters  of  distilled  water*     It  was  then  rinsed  with 
successive  portions  of  acetone  and  ether,  and  sucked  dry  on 
the  house  vacuum. 

The  procedure  used  for  calibrating  the  tube  for 
uniformity  of  bore  was  Identical  with  that  already  described 
for  the  dilatometer  capillary.    The  results  of  this  calibra- 
tion are  presented  in  Table  30  (Appendix  1).    The  tube  was 
found  to  be  essentially  uniform  (  ±  0.001  viMrt<0 . 

A  reference  scratch  was  marked  at  one  end  of  the 

tube  with  a  diamond  tool.    The  other  end  was  sealed  shut. 

Then  the  burette  was  weighed,  filled  with  distilled  water  to 

a  point  above  the  reference  mark,  and  mounted  by  means  of  a 

collar  in  a  tube  through  which  water  was  circulated  by  a 

small  circulating  pump.    The  water  source  was  a  thermos tated 

o 

bath,  controlled  to  tt0.04    C.    The  entire  water  column  in 


the  burette  was  submerged  in  the  circulating  water.    By  suit- 
able adjustment  of  the  wire  collar,  the  tube  was  aligned  to 
the  vertical  against  the  crosshair  of  the  cathetometer 
telescope  and  the  heights  of  the  reference  scratch  and  the 
meniscus  were  determined.    The  burette  was  then  dried  and 
weighed,  after  which  it  was  emptied  and  refilled  about  half 
full  with  water.    The  walls  of  the  burette  above  the  liquid 
level  were  dried  by  repeated  warming  of  the  burette  with  a 
smoky  flame.    The  burette  was  then  mounted  in  the  thermostat, 
aligned  to  the  vertical,  and  the  heights  of  the  reference 
scratch  and  the  meniscus  were  read  with  the  cathetometer. 
In  both  sets  of  readings,  the  usual  precautions  were  taken  to 
check  the  precision  of  the  observer.    These  data  are  given 
in  Table  31  (Appendix  1),  along  with  the  volume  of  the 
burette  (expressed  in  cc./cm.  of  tube  length,  and  in  cc.  to 
the  reference  mark). 

The  bulb  was  cleaned  in  a  similar  fashion,  and 
thoroughly  washed.     It  was  filled  with  distilled  water  to  a 
reference  mark  on  a  short  length  of  capillary  sealed  to  the 
bulb,  and  immersed  in  the  water  bath.    The  bulb  was  permitted 
to  come  to  equilibrium  with  its  surroundings,  the  level  of 
the  meniscus  in  the  capillary  was  adjusted  to  coincide  with 
the  mark,  and  the  bulb  was  weighed.     It  was  emptied,  dried  by 
heating  while  under  vacuum,  cooled,  and  weighed  again.  The 
results  are  recorded  in  Table  32  (Appendix  1),  along  with  the 
Volume  of  the  bulb  to  the  mark  as  calculated  from  these  data. 


♦ 


The  connecting  arm  (Figure  8)  was  made  by  bending 
a  length  of  3  mm.  capillary  tubing  to  the  proper  size.  The 
filling  nipple  was  sealed  on,  and  the  whole  arm  was  annealed. 
Then  it  was  cleaned,  washed  and  dried.     It  was  filled  with 
mercury  and  the  mercury  was  weighed.    These  data  are  recorded 
in  Table  33  (Appendix  1),  along  with  the  volume  of  the  con- 
necting arm  obtained  from  these  measurements* 

The  connecting  arm  was  wrapped,  and  the  bulb-and- 
burette  assembly  was  blown  together*    The  latter  was  attached 
to  a  manifold  through  the  filling  nipple.    A  storage  bulb  was 
fitted  with  a  ground  glass  male  Joint;  it  was  wiped  clean, 
weighed,     and  attached  to  the  manifold  through  its  female 
couple.     Only  the  lower  half  of  the  joint  was  greased,  to 
reduce  the  possibility  of  contamination  of  the  acid.  The 
manifold  was  also  equipped  with  a  manometer.    The  assembly  was 
^    connected  to  the  high  vacuum  line  through  a  stopcock,  and  the 
system  was  evacuated.    During  the  pumping  process,  the  bulb- 
and-burette  assembly  was  degassed  by  heating.    The  apparatus 

li 

I 

was  tested  at  intervals  and  was  regarded  as  having  reached  a 

satisfactory  state  of  evacuation  when  the  pressure  rose  from 
.  ,  -5  -6 

\10      to  5x10      ram.  in  two  hours.    The  stopcock  was  then 
closed,  the  arms  of  the  manometer  were  read  and  the  breakoff 

Since  it  was  realized  that  there  might  be  some  difficulty  in 
quantitative  cleaning  of  the  storage  bulb  after  being  greased 
and  extensively  handled,  several  weighings  were  made  on  a 
joint,  duplicating  the  procedure  used  above.     It  was  found 
possible  to  check  a  weighing  to  ±  0.0001  gm.  consistently. 


( ■ 
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tip  was  smashed.    The  acid  sample  in  the  storage  bulb  was  dis- 
tilled into  the  burette;  the  distillation  was  considered 
complete  when  the  mercury  in  the  arms  of  the  manometer  returned 
to  its  original  position.    The  bulb  and  burette  were  then 
chilled  to  dry  ice  temperature,  the  system  was  opened  to  the 
high  vacuum  line,  and  the  bulb -and -burette  assembly  was 
sealed  off.    The  storage  bulb  was  removed,  wiped  clean,  and 
weighed.    The  weighing  data  are  recorded  in  Table  34. 
(Appendix  1).  j 

The  bulb-and-burette  assembly  was  mounted  in  the 
thermostats  through  holes  cut  in  the  lids  for  the  purpose  by  j 
means  of  claw  clamps  fixed  to  the  sides  of  the  thermostats* 
The  heater  was  connected  through  a  "powerstat"  to  the  line, 

and  the  connecting  arm  was  heated  slowly  to  operating  terapera- 
o 

ture  (  > 160    G«).    Thermostat  "B"  was  set  at  a  given  tempera- 
ture and  held  at  that  temperature  throughout  a  run.  Thermo- 
stat "A"  was  set  at  some  temperature  higher  than  that  of 
thermostat  "B"  and  readings  on  the  liquid  level  in  the  burette 

were  taken  with  the  cathetometer .    Then  Thermostat  "A"  was  , 

o  I 
raised  about  10    and  the  liquid  level  was  read  again.    The  i 

data  so  obtained  are  presented  in  Tables  35-41  (Appendix  1)« 

The  first  two  columns  record  the  time  of  the  reading  (con-  | 

sidering  the  beginning  of  a  run,  or  the  beginning  of  a  day»s 

operations,  as  zero  time),  the  third  and  fourth  columns  show  ' 

the  degree  of  balance  of  the  potentiometer  circuit  (the  circuit 

was  balanced  before  each  reading).    The  next  three  columns 


0 


* 


record  the  potentiometer  setting  (In  yit-v.),  the  galvanometer 
reading,  and  the  temperature  of  thermostat  "A"  calculated 
from  these  data.    The  eighth,  ninth,  and  tenth  columns 
present  the  corresponding  data  for  thermostat  "B".    The  next 
column  records  the  temperature  of  the  connecting  arm,  and  the 
last  column  shows  the  height  of  the  liquid  level  and  the 
reference  scratch  as  observed  with  the  cathetometer.  The 
height  of  the  reference  mark  was  noted  at  the  beginning  and 
end  of  the  readings  taken  at  each  temperature  setting  of 
thermostat  "A".    At  least  three  readings  were  taken  of  the 
height  of  the  liquid  level  at  each  setting  of  the  bulb  thermo- 
stat.   The  usual  precautions  were  observed  to  ensure  tempera- 

ij 

ture  equilibrium.  ' 
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Method  of  Analysis  of  the  Data» 
Let  J 


Then 


m  s  the  total  mass  of  the  sample  (m  selected 

greater  than  the  mass  of  the  saturated  vapor 
that  will  fill  the  system) 

s  the  temperature  of  the  burette 

•  the  temperature  of  the  bulb  (T^  T^) 

I  the  temperature  of  the  connecting  arm 


z  the  volume  of  the  liquid  in  the  burette 

V  •  the  volume  of  the  bulb 

V 

V  s  the  volume  of  the  connecting  arm 
a 

p  u  the  density  of  the  liquid  at  temperature  T-|_ 
d    s  the  density  of  the  vapor  at  temperature 

V  -  the  volume  of  the  vapor  in  the  burette  at 
"      temperature  T, 


a 


-  the  mass  of  the  vapor  in  the  connecting  arm 


at  temperature  T 


a 


W|j  -  the  mass  of  the  vapor  in  the  burette  at 
temperature  T 

b 


ip 


V  d 
v 


(1) 


where  jnula  the  mass  of  the  sample  corrected  for  the  vapor  In 

the  connecting  tube  between  bulb  and  burette  and  for  the 

vapor  In  the  burette  itself* 

If  p  Is  known  at  the  temperature  T  ,  and  V  ,  V  , 
'  1  1  V 

and  ^are  known,  equation  (1)  can  be  solved  for  the  vapor 


C 


density  d;  it  will  be  the  vapor  density  at  the  temperature 

T    and  at  a  pressure  equal  to  the  vapor  pressure  of  the  liquid 

V 

at  temperature 

can  be  obtained  by  any  of  the  usual  methods  for 

calibration  of  a  bulb;  V^^  can  be  obtained  by  calibration  of 

the  burette  in  terms  of  volume  per  unit  length,  and  the 

reading  off  of  the  liquid  height  by  means  of  a  cathetometer ; 

p   ,  the  liquid  density,  must  be  determined  Independently 

(for  details  of  these  measurements,  see  beloi^ 

The  problem  of  calculating  d  devolves,  then.  Into 

the  determination  of  yU-  •    To  determine ^  ,  one  mist  evaluate 

the  mass  of  vapor  in  the  connecting  arm  and  in  the  burette 

above  the  liquid  level*    This  can  be  readily  seen  when 

expressed  mathematically: 

^  s  m  -        -  w^ 

or,  ^  -  m  -  V^d^  -  V^d^  (2) 

where  d    is  the  density  of  the  vapor  at  temperature  T..  and  d. 

a  a  D 

is  the  density  of  the  vapor  at  the  temperature  T_^«  The 
problem  of  evaluating  ^  then  becomes  the  question  of  the 
appropriate  values  to  be  assigned  to  d^  and  dy^. 

Let  us  rewrite  equation  (1),  employing  our  new  defi- 
nition of  yU.  •     It  becomes 

Vij>+V^d  =  m  -  Vgd^  -  Vtjdt, 
or,  ^  m  -  -  V^d^  - 

'  (3) 


f 


Clearly  d^^  and  d^  can  not  be  evaluated  directly  since  we  have 
one  equation  and  three  unknowns©    They  may,  however,  be 
evaluated  with  sufficient  precision  by  use  of  an  approximation 
method  as  described  below. 

The  data  are  obtained  by  setting  the  thermostat  con- 
taining the  burette  at  a  fixed  temperature  and  raising  the 
temperature  of  the  thermostat  containing  the  bulb  to  succes- 
sively higher  temperatures.    At  the  beginning  of  a  run, 

T     (  s  T„  )  is  not  much  greater  than  T  :  at  the  end  of  a  run, 
V  V2  1 

Ty  (  =  Ty^)  is  not  much  less  than  T^. 

As  a  first  approximation,  we  may  assume  that  Charles' 

Law  applies,  and  that,  therefore,  we  may  correct  the  volume  of 

vapor  in  the  arm  at  T    to  the  volume  which  it  would  occupy  at 

a 

;  similarly,  we  may  correct  the  volume  of  vapor  in  the  , 
burette  at  T^^  to  the  volume  which  it  would  occupy  at  T^^. 
Thus, 


(4) 


Likewise,  we  may  correct  the  volume  of  vapor  in  the  arm  at 

to  the  volume  which  it  would  occupy  at  T„  ;  and  we  may  correct 

^2 

« 

No  E.  This  notation  is  to  be  read  "the  density  of  the  vapor 
at  temperature  T    :    first  approximation." 

^1 


» 
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the  volume  of  vapor  in  the  burette  at  to  the  volume  which 
it  would  occupy  at  T_  .  Thus 


m  -  V 


if 


^v^  Va^W^«^  ^  ^b^Vl^ 


(5) 


We  may  now  refine  these  values  of  "(T    )  and     (T    )  by  aub- 

^1  ^2 

stltutlng  these  terms  for  and  d^,  successively,  in  equation 
(3)  and,  still  assuming  that  Charles »  Law  applies,  we  obtain 


the  equations 
r^T,  )_72  = 


m 


.  m  -  V.p  -  V^(T    /T  )/^(T     )7l  -  V^(T^  /Tj/^(T 

^{T^J72  z  ir        a    Vg    a  ^      VI-  b    Vg    i  ^  ^^y^ 


Solving  for  /~<^(T    J/  /"^(T^  )7  *  we  obtain  more  refined 

d  12  2~  2 

values  of     (T     )  and  ^(T_  )•    Then  substituting  these  new 
^1  ^2 

values  in  equations  (6)  we  may  obtain  still  more  refined 
values  of  ^(T^^)  and  ^(T^  )•    This  process  is  continued  until 
two  successive  values  of  ^(T^  )  and  ^(T^^),  respectively,  are 

obtained  which  are  constant*    The  assumption  is  now  made 

d  d 
that  /~  (T^  )_7_  =i       and  that  /"  (T^^)__7_  =.  d^ 


vi  -  n  ~       "^2'"'  n  ^ 

These  values  may  then  be  substituted  into  equation  (3)  and 


we  obtain 


m 


d  - 


(8) 


V 


and  equation  (8)  may  be  solved  for  d  at  various  temperatures. 


€ 


V    must  be  corrected  for  the  menlacal  height  In  the 
1 

burette  and  for  the  thermal  expansion  of  the  burette.  The 

latter  correction  is  quite  simply  made.    Let  us  assume  that 

the  volume  of  the  burette  (expressed  in  cc#  or  '/^  cc/cm«) 

is  known  at  some  temperature  t  •    Let  this  volume  be  V  •  The 

o  ° 
coefficient  of  cubical  expansion  of  glass  is  go    Then,  the 

volume        at  any  other  temperature  t  may  be  found  by  use  of 

the  expression 

=  Z"i^(t-t^)g^7 

The  meniscus  correction  has  already  been  discussedo 

The  vapor  density,  d,  which  has  been  calculated  by 
means  of  equation  (8),  may  now  be  used  to  calculate  the 
apparent  molecular  weight  of  the  vapor,        by  the  assumption  ! 
of  the  perfect  gas  law: 

M    z  clRTv 

This  is  the  value  of  the  molecular  weight  of  the  vapor  at  the 
vapor  pressure  of  the  liquid  and  at  the  temperature  of  the 
bulb©     It  will  be  recalled  that  data  are  obtained  by  holding 

constant  and  raising  T^  to  successively  higher  tempera- 
tures*   Thus,  the  data  are  experimentally  recorded  as  a 
series  of  isobars©     It  is,  however,  more  instructive  to  con- 
sider these  data  as  isotherms  and  therefore  the  family  of 
isobaric  curves  is  crossread  at  convenient  temperatures  and 
plotted,  showing  the  variation  of  molecular  weight  with 
pressure  for  various  temperatures* 


€ 


C 


(49) 

If  one  assumes  that  trif luoroacetic  acid  vapor 
exists  as  a  mixture  of  monomer  and  dlmer  In  dynamic  equili- 
brium, the  total  pressure,  P,  may  be  defined  as 

P  =       +  (9) 
where  p-j^  s  the  partial  pressure  of  trif  luoroacetic  acid 
monomer,  and    p    z  the  partial  pressure  of  trif luoroacetic 
acid  dimer.    The  equilibrium  may  be  represented  as 

F3CCOOH    ^     ^     i  (F3CC00H)2 
and  the  equilibrium  constant        is  defined  by  the  relationship 

2      Pg                                        2  2 
=                ;      or       Pg  =       p^  . 

Pi 

If  this  expression  is  substituted  in  equation  (9),  one  obtains 

2  2 

P  =  P^  P^ 

and,  dividing  by  P,  2 

Pi 

-  P  2 
1-1       ,     Krf  (10) 

P  P 

P, 

Let  X,  be  the  mole  fraction  of  monomer^    Then  X  - 

1                                                                    1  -  f — 

and  equation  (10)  becomes 

or,  since  p^  =  XjP, 

X^-H  K^X^^P  s  1.  (11) 

If  one  considers  that  of  every  mole  of  monomer, 
mole  associates  to  form  (y3/2)  mole  of  dimer,  then, 
obviously,  the  mixture  will  contain  (1  -y3  )  mole  of  monomer. 

(60) 


(^/2)  mole  of  dimer,  and  therefore  (1  -  £~ f^/^J^  mole  total, 
Therefore,  X^^,  the  mole  fraction  of  monomer,  may  be  expressed 
as 

X    g  1  '  ./9         r  2(1  -  /3  )  (12) 

Also,  the  apparent  molecular  weight  of  the  vapor,  which  is 
defined  as  the  mass  of  the  vapor  divided  by  the  number  of 
moles  is 


M  2M^ 
o  o 


(13) 


1-/2/2  2-/3 


Expressing        in  terms  of        and  M^,  one  obtains 

2M     -  M 

X^  =   °        ^  (14) 


M 

0 


2 


and,  substituting  this  value  for  X.  into  equation  (11),  K 

1  d 

is  obtained  as 

2       Mo(Mv  -  Mq) 

K    -    (15) 

^  2 
(2Mq  -  M^)  P 

Prom  the  coordinated  values  of  P  and  NL^  obtainable 
from  the  series  of  isotherms  derived  above,  may  be  calcu- 
lated.   The  values  for        are  found  not  to  be  constant  for  a 

d 

given  temperature;  they  do,  however,  approach  a  limiting  value 
as  the  pressure  increases.  After  consideration  (of.  Sections 
rx  and  X)  it  was  concluded  that  the  tendency  toward  polymeriza-t 
tion  stops  with  the  dimer  in  trif luoroacetic  acid  and  there- 
fore, that  further  analysis  was  superfluous. 


r 


Calculation  of  the  Vapor  Density. 

The  theoretical  development  of  the  method  used  to 
evaluate  the  vapor  density  has  already  been  fully  discussed 
It  Is  felt  that  It  might  be  advantageous  to  Illustrate  this 
procedure  with  a  typical  example  and  Point  4  of  Run  3  has 
been  selected  for  this  purpose. 

The  temperature  of  thermostat  "B"  (  s  the  temperature  of  the 

liquid  acid  s  the  temperature  of  the  vapor  in  the  burette) 
iT^  or  T^)  2  50.76  C. 

The  temperature  of  the  connecting  arm  (  s  the  temperature  of 
the  acid  vapor  In  the  arm)(T„)  s  168°  C» 

The  total  mass  of  the  sample  (m)  s  3.0868  gm. 

The  temperature  of  thermostat  "A"  (  s  the  temperature  of  the 
acid  vapor  in  the  bulb)(Tv)  «  97.08°  C. 


The  liquid  density  { 

ps  1.5402  -  (2.506xlO"'5)t    ^  (1.863x10*' )t2 

•  1.5402  -  (2.506x10*^)  (50.76) -i-d. 863x10"'^)  (50.76) 

s  1.5402  -  6.1272  +  0.0005 

s  1.4135  gm./cco 

The  volume  of  liquid  in  the  burette  (V-j^): 

the  volume  of  the  b\irette  to  the  reference  mark 
at  24. 82°  C.   z  2.9845  cc. 

the  volume  of  the  burette  to  the  reference  mark  at 

50.76°  C.  a  2.9845  /"l +  (50.76-24.82) (25x10*® )_/ 

z  2.9864  cc. 


the  volume  of  the  burette  expressed  in  cc./cm, 
at  25.65°  C.  =  5.0803x10*2  cc./cm« 

the  volume  of  the  burette  expressed  in  cc./cni»  -6 

at  50.76°  C.   =  5. 0803xl0-2/"l (50.76-25.65)  (25xia 27 

z  5.0835x10'^ 

the  distance  from  the  meniscus  to  the  reference  mark 

s  56. 148  -  31.260 
=  24.888  cm. 


T 

(uncorrected)  =  2.9864  -  (24.888)  (5.0835x10""^) 
s  1.7212  cc. 

at  50.76*^  C,  the  volume  of  the  meniscus  =  0.0324  cc. 
(corrected)      =  1.7212  +  0.0324 
s  1.7536  cc. 
The  volume  of  vapor  in  the  burette  (V^)s 

(uncorrected)  z  (24.888) (5.0835x10*^) 

D 

s  1,2652  cc. 
(corrected)      =  1.2652  -  0.0324 
s  1.2328  cc. 
The  volume  of  vapor  in  the  bulb  (V^)j 

0 

the  volume  of  the  bulb  at  25.67    C.  a  253.274  cc. 


V    «  253.274  /"I  4.  (97.08-25.67)  (25xl0"^)_7 


z  253.730  cc. 


The  volume  of  vapor  in  the  connecting  arm  (Vg): 

the  volume  of  the  connecting  arm  at  22.2°  C.  z  5.261  cc» 


-  5.261  /^1+  (168.0-22.2)  (25x10"^ )__7 
r  5.280  cc. 
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When  these  data  have  been  calculated  for  all  points 
in  a  run,  it  is  possible  to  employ  the  approximation  method 

outlined  In  Section  VIII.    Using  Points  1  and  9  of  Run  3,  the 

data,  as  evaluated  by  the  operations  just  described,  are  found 
to  be: 

Point  1  Point  9 

m                        3. 0868  gm,  3.0868  gm, 

V  1.6192  cc«  1«8930  cc. 
1 

p                       1.4135  gm./cc.  1.4135  gm./cc© 

V  253.527  cc»  254.069  cc. 

V 

V  5.280  cc.  5.280  cc. 
a 

1.3672  cc.  1.0934  cc. 

b 

T     (-T   )  151.35°  C. 

Vi      ^  (424.51*^  K.) 

T,,  {-T  )  65.63°  C. 

^2      V        (338.79°  K.) 

168°  C.  168°  C. 

®                  (441.16°  K.)  (441.16°  K. ) 


o 


o 


T,  50.76"  C.  50.76o  C. 

^  (323.92°  K. )  (323.92    K. ) 

Making  use  of  Equation  (4)  of  Section  VIII, 


\7    z   3.0868  -  (1.8930)  (1.4135)  

254.069     (5.280)  (424.51/441.16)+  ( 1.0934  )  (424.51/ 

323.92) 

=  1.5773x10  gra./cc« 


Substituting  in  Equation  (5)  of  Section  VIII, 

^    s   3.0868  -  (1.6192)  (1.4135) 


253.527 (5.280)  (338.79/441.16)+  ( 1.3672)  (33.879/ 

323.92) 


=  3.0814x10  gm./cc. 


I 

(64) 


Substituting  in  Equations  (6),  w©  obtain, 

A  3.0868-(1.8930)  (l<,4135)-(5.280)  (424.51/441.16)  , 

(T„  )     5     (1.5775x10^^) "(1.0954)  (424. 51/525. 92)  (5.0814x10"'^) 
VI  2  254.069 

d  5. 0868-( 1.6192) (1.4135) -(5. 280) (558.79/441.16)  , 

(T„  )     -     (1.5775xl0-5)-(l,5672)  (558.79/525.92)  (3.0814x10*'^) 
^2  2  255.527 


from  which  we  obtain  that 


▼1^2     *  l»5688xl0  gm,/cc» 

and       ^V2^2    *  3.1054xl0"3  gm./cc, 

Resubstituting  these  new  values  for  the  vapor  density  into 

equations  (6)  and  solving 

d  _ 
(T     )      m  1.5688x10-^  gm./cc. 
^1  5 

^(r„  )  3    =  5.1054xl0"''5  gm./cc. 
V2 


Operating  on  the  assumption  that  the  vapor  density 
at  151.35°  ?i  the  vapor  density  at  168°    and,  similarly,  that 
the  vapor  density  at  65.65°;ii  the  vapor  density  at  50.76°, 
it  is  possible  to  calculate  the  density  of  trif luoroacetic 
acid  vapor  at  each  setting  of  thermostat  "A".    Such  an 
assumption  introduces  an  error  of  approximately  4.2'^  into  the 
calculation  of  the  factors  V^^d^  and  V^d^  (Equation  5  of 
Section  VIII).    This,  however,  leads  to  an  error  of  only 
0*02%  in  the  calculation  of  the  vapor  density,  d^,  at  the 
temperature  I  ^,  inasmuch  as  these  two  factors  are  only  a 
small  percentage  of  the  total  volume  of  vapor©    Using  Point  4 
of  Run  5  as  an  example  once  again,  by  substituting  the 
appropriate  values  into  Equation  (8)  of  Section  VIII,  w« 


obtain 

3. 0868-(l«7536)  (1.4135) -(5. 280)  (1.5688x10"'^) -(1.2328) 
-  (3.1054x10-5)  

263.730 

=  2.3489x10"^  gm./cc« 

0 

which  is  the  density  of  trif luoroacetic  acid  vapor  at  97.03 
end  at  a  pressure  of  0.45  atm. 

Employing  the  perfect  gas  law,  the  apparent  molecu- 
lar weight  of  the  vapor  is  calculated: 

M     =  ( 2 . 348 9x10**^ )  ( 82 . 05 )  ( 275 .  16     97.  03  ) 
^  "  0.45 

By  precisely  the  same  methods,  the  values  of  Tables 
9-15  have  been  calculated.    The  isobaric  curves  of  the 
molecular  weight  at  various  temperatures  are  plotted  in 
Figure  16.     Since  it  is  more  convenient  to  deal  with  the  cor- 
responding isotherms,  the  family  of  curves  of  Figure  16  were 
cross -read  at  convenient  temperatures.    This  procedure  yielded 
the  data  tabulated  in  Table  16.    A  graphical  representation 
of  the  isotherms  of  the  molecular  weight  at  various  pressures 
is  given  in  Figure  17. 
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Determination  of  ths  Hydrogen  Bond  Strength  of  Trlf luoroacet Ic! 
Acid.  I 

Values  for  the  molecular  weight  were  picked  off  the 
Isotherms  at  convenient  pressure  intervals  and  the  equilib- 
rium constant  for  the  process 


FgCCOOH 


iCP^CCOOK)^ 


was  calculated  by  means  of  equation  (15)  of  Section  VIII. 

o 

As  an  example,  at  550  mm*  pressure  and  90    C.,  the  molecular 

weight  is  166«0,    Substituting  in  equation  (15), 
2  (114.0) (165.0-114.0) 

K      -    /t2)( 114.0). 165. 0/t*(360) 
d 

Z  0.004185 

K,     s  0.06469 
d 

The  equilibrium  constants  so  calculated  are 
presented  in  Table  17,  and  are  shown  graphically  in  Figure 
18.    The  values  for  the  equilibrium  constant  at  pressures 
lower  than  180  mm.  are  somewhat  unreliable  since  they  are 
obtained  by  extrapolation  of  the  experimental  isotherms. 

The  data  could  be  treated  in  three  ways  to  yield  a 
value  for  the  strength  of  the  hydrogen  bond.  All  three  pro- 
cedures were  employed  as  follows. 

The  curves  of  Figure  18  were  extrapolated  to  zero 
pressure  along  the  sloped  portions  and  the  equilibrium  con- 
stants at  zero  pressure  were  taken  to  be  the  true  equilibrium 
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constants.      The  necessary  calculations  were  made  to  evaluate 
-HtnK  and  1/T  (Table  18)  and  these  data  were  plotted  in 
Figure  19»     The  slope  of  the  resultant  curve,  by  the  van't 
Hoff  equation,  is  AH.    This  was  calculated  to  be  -^^225 
±600**  calories/mole,  which  is  the  strength  of  one  hydrogen 
bond .  i: 
The  curves  of  Figure  18  were  extrapolated  along 

li 

the  linear  portion  (slope  =  zero)  to  zero  pressure  and  the 
equilibrium  constants  so  obtained  were  taken  as  the  true  con- 
stants at  the  various  temperatures.    '•RfnK  and  1/T  were 

i 

evaluated  (Table  19)  and  these  results  were  plotted  in  Figurej 
20*  AH  was  found  to  be  -7000  ±250**  calories/mole. 

It  will  be  recalled  that  the  values  for  the  equili- 
brium constants  were  originally  obtained  from  molecular 
weights  picked  off  a  set  of  isotherms.     Since  there  was  some  j 

error  attendant  on  drawing  the  isotherms,  the  equilibrium  | 

ij 

constants  were  calculated  using  the  molecular  weights  taken 
directly  from  the  isobars  of  Figure  I6.    These  values  are  ' 
listed  in  Table  I6,  and  the  equilibrium  constants  calculated 
from  these  data  are  listed  in  Table  20.    These  latter  data 

are  plotted  in  Figure  21,  and  the  arithmetic  average  of  the  1! 

^  I- 

1 1 

*This  procedure  to  obtain  the  equilibrium  constants  is  cer- 
tainly not  good  science  (see  below).     It  was  carried  out  only 
to  compare  the  result  so  obtained  with  that  of  Hitter  and 
Simons,  who  used  such  an  extrapolation  (with  more  Justifica- 
tion) to  obtain  AH    for  acetic  acid, 

**G'raphical  error.    It  does  not  represent  the  total  experi- 
mental error.  ,1 
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equilibrium  constants  at  each  temperature  is  shown  by  a  ii 
straight  line  drawn  through  each  set  of  points.  The  arithmetic 
average  of  the  equilibrium  constant  at  each  temperature  was 
taken  as  the  true  constant  at  that  temperature*  -RlnK  and  j| 
1/T  were  determined  using  these  constants.  The  results  are 
presented  in  Table  21.  A  plot  of  these  data  was  made  |j 
(Figure  22)  and  /^H  was  found  to  be  -7200 1250  calories/mole. 
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Discussion  and  Conclusions* 

The  strength  of  the  hydrogen  bond  was  evaluated  as 
either  approximately  4200  cal./mole,  or  7200  cal./mole, 
depending  on  the  procedure  employed  In  the  analysis  of  the 
calculated  equilibrium  constants.    The  latter  has  been  selec-  ! 
ted  as  much  the  more  reliable  value,  inasmuch  as  the  value  of 
4200  cal./mole  Is  calculated  by  use  of  data  obtained  from  the 
unreliable  portions  of  the  Isotherms  plotted  in  Figure  !?• 
There  are  no  experimental  data  available  in  the  region  from 
0  to  180  mm.  pressure;  these  data  are  obtained  by  extrapola- 
tion of  the  experimentally  determined  isotherms.     Such  an 
extrapolation  is  subject  to  considerable  error  (calculated  to 
be  of  the  order  of  10-15^0  •    A  further  objection  to  use  of 
the  value  of  4200  cal./mole  is  seen  by  inspection  of  Figure 
18.     It  will  be  noted  that  the  equilibrium  ^'constant"  does  not 
approach  a  constant  value  at  lower  pressures;  on  the  contrary, 
the  curves  seem  to  indicate  that  trif luoroacetic  acid  vapor 
behaves  less  and  less  Ideally  at  lower  and  lower  pressures. 
This  is  contrary  to  the  behavior  of  all  known  gases.     It  is 
felt,  therefore,  that  no  significance  can  be  attributed  to 
the  lower  value  of  the  hydrogen  bond  strength© 

A  word  should  be  said  regarding  the  experimental 
data.    Referring  to  Figure  16,  the  180,  343,  470,  780,  and 
951  mm.  isobars  are  obtained  from  points  that  fall  fairly  well 


on  the  curves  as  drawn*    The  247  and  606  mm,  isobars  show 
rather  bad  scattering  around  the  "best"  curves  as  drawn, 
particularly  the  former.    The  method  fcr  drawing  the  247  and 
605  mm.  isobars  was  simple  (and  also  somewhat  unscientific). 
They  were  drawn  as  the  best  curves  possible  which  would  show 
a  change  in  slope  similar  to  those  obtained  from  the  more 
reliable  curves.    No  explanation  is  offered  for  the  scattering 
observed. 

If  the  strength  of  the  hydrogen  bond  is  accepted 
as  being  7200  cal./mole,  one  is  faced  with  an  extremely  com- 
plex problem  in  interpretation.    Three  conclusions  may  be 
made  on  the  basis  of  the  observed  results    first,  the  equilib- 
rium constant  of  trif luoroacetic  acid  is  a  true  constant  for 
the  equilibriiim  assumed,  that  is,  it  behaves  as  an  ideal  gas 
in  the  pressure  range  covered;  second,  implicit  in  the  first 
conclusion,  the  order  of  polymerization  of  trif luoroacetic 
acid  is  no  higher  than  two;  third,  there  is  no  appreciable 
difference  in  the  heats  of  association  of  trif luoroacetic 
acid  and  acetic  acid.    These  conclusions  are  unexpected. 

A  number  of  assumptions  were  made  during  the  course 
of  the  calculations  (e.g.,  the  calculation  for  the  meniscus 
correction,  and  the  approximation  method  for  obtaining  the 
vapor  density).    These  have  already  been  discussed  in  the 
appropriate  places.     It  is  felt  that  the  error  introduced  by 
use  of  these  assumptions  is  not  sufficiently  great  to  affect 
the  results  materially. 


« 


It  is  important  to  note  a  serious  omission  in  the 
evaluation  procedure:    no  correction  for  adsorption  on  the 
walls  of  the  bulb  and  connecting  arm  was  made.    The  value  of 
the  hydrogen  bond  strength  would  be  different  if  this 
correction  were  made;  it  would  not  account,  however,  for  the 
unexpectedly  high  value  obtained*     It  would,  indeed,  lead  to 
a  higher  calculated  value  for  the  strength  of  the  hydrogen 
bond,  for  an  adsorption  correction  would  produce  a  lower  value 
for  the  vapor  density.    This  would  cause  a  lowering  in  the 
apparent  molecular  weight  of  the  vapor,  and,  thus,  a  lowering 
in  the  calculated  equilibrium  constant.    Furthermore,  the 
lowering  would  be  greater  at  lower  temperatures  (i.e.,  at 
larger  values  of  l/T)  since  the  error  due  to  adsorption  is 
more  serious  at  lower  temperatures •    As  a  result,  the  slope 
of  the  -RlnK  against  1/t  plot  would  be  increased.  Therefore, 
^  H  would  be  raised. 

A  possible  method  for  accounting  for  the  discrep- 
ancy between  the  observed  and  predicted  values  would  be  to 
assume  a  systematic  error,  which  is  entirely  a  function  of  I 
the  apparatus.    While  such  a  possibility  is  doubtful  in  view 
of  the  orthodox  methods  used  in  this  work,  it  could  be  con- 
firmed or  denied  only  by  determining  the  hydrogen  bond 
strength  of  acetic  acid  in  the  same  apparatus. 

It  will  be  recalled  that  in  Section  I  prediction 
made  on  the  basis  of  relative  electronegativities  of  sub- 
stituent  groups  would  tend  to  indicate  that  the  strength  of 


the  hydrogen  bond  in  trif luoroacetic  acid  would  be  less  than 
that  in  acetic  acid.    By  an  extension  of  the  above  argument, 
however,  it  is  possible  to  rationalize  the  observed  result. 
Let  us  consider  the  dimer  as  already  having  been  formed,  and, 
furthermore,  let  us  consider  the  dimer  simply  as  a  ring  with 
two  strongly  polar  groups  attached  to  it.    We  then  have  the 
situation 


As  a  first  approximation,  the  net  effect  will  be  that  groups 
(a)  and  (b)  negate  each  other's  effect  on  the  ring. 

Let  us  now  extend  the  argument  of  Section  I,  in 
which,  it  will  be  recalled,  the  tacit  assumption  was  made 
that  it  was  necessary  to  consider  only  the  two  molecules  of 
monomer;  this  is  certainly  a  serious  oversimplification. 


(c)  effect  A,  and  that  of  -CP^  group  (b)  on  the  CsO  group 

(d)  effect  B.    The  hydrogen  atom  of  (c)  will  tend  to  exert 
a  polarizing  effect  on  the  carbonyl  oxygen  of  (d)  counter 
to  that  of  the  -CP^  group  (b).     Call  this  effect  C«  If 

|AI  4- i  Bl -v  iC!  ■  0,  then  the  net  effect  of  the  substituent  groups 
on  the  hydrogen  bond  strength  will  be  zero.     It  will  be  noted 
that  only  one  half  of  the  "ring"  was  discussed;  the  same 
argument,  of  course,  applies  to  the  other  half  of  the  ring. 


If  this  rationalization  is  accepted,  then  one  is  led 
to  the  conclusion  that  regardless  of  the  substituent  group. 


(c) 


(d) 


Let  us  call  the  effect  of  -CP3  group  (a)  on  the  -0-H  group 


t  ♦ 


the  hydrogen  bond  strengths  of  all  aliphatic  carboxylic  acids 
will  be  essentially  the  same. 

The  unsettled  nature  of  the  situation  at  present  can 
not  be  overemphasized*    This  is  a  report  on  research  in  pro- 
gress; a  great  many  things  are  not  yet  clarified  sufficiently 
to  warrant  the  presentation  of  the  above  argument  as  a  full- 
blown hypothesis.     It  may,  indeed,  be  only  a  rationalization 
of  an  insufficiently  understood  situation,  and,  therefore, 
subject  to  much  revision  or,  indeed,  complete  rejection,  as 
the  laws  governing  the  hydrogen  bonding  of  the  carboxylic 
acids  are  clarified.     It  is  felt,  therefore,  that  further 
discussion  of  the  treatment  presented  above  is  unwarranted 
at  this  time« 


(78) 


Abstract. 

It  has  long  been  recognized  that,  under  certain 
conditions,  an  atom  of  hydrogen  is  attracted  by  rather  strong 
forces  to  two  atoms,  instead  of  one,  with  the  result  that  the 
hydrogen  atom  may  be  visualized  as  acting  as  a  bond  between 
these  two  atoms.     This  is  called  the  hydrogen  bond. 

The  carboxylic  acids  have  been  rather  extensively 
studied  and  values  ranging  from  6000  to  9000  cal./mole  have 
been  reported  for  the  strength  of  the  hydrogen  bond.  The 
carboxylic  acids  are  visualized  as  forming  bonds  by  assuming 
the  structure 

^^0. .  .H-0^ 
RC  CR 

0-H...0  il 
It  has  been  variously  reported  that,  on  the  basis  of  experi- 
mental evidence,  acetic  acid  and  propionic  acid  form  polymers 
of  order  higher  than  the  dimer,  and  for  acetic  acid,  the 
deduction  has  been  made  that  the  next  higher  polymer  is  the 
tetramer*  |j 
No  investigations  have  been  conducted  on  the  effect 

I 

of  substituents  on  the  strength  of  the  hydrogen  bond.     It  was 
felt  that  trif luoroacetic  acid  would  prove  interesting  in 
view  of  the  extremely  electronegative  -CP^  group  in  the  mole- 
cule* 


♦ 


The  strength  of  the  hydrogen  bond  in  trif luoroacetic 
acid  was  determined  In  the  following  way.    The  vapor  density 
was  experimentally  determined,  and,  by  making  the  assumption 
the  the  perfect  gas  law  applies  to  trif luoroacetic  acid 
vapor,  the  apparent  molecular  weight  of  the  vapor  was  calcu- 
lated as  a  function  of  temperature  at  given  pressures.  From 
these  isobars,  the  variation  of  molecular  weight  with  pressure 
at  given  temperatures  was  determined*    The  equilibrium  con- 
stant for  the  system 

F^CCOOH  ^(P^CCOOH)^ 
was  calculated  and  by  means  of  the  van*t  Hoff  equation,  the 
hydrogen  bond  strength  was  evaluateda 

The  apparatus  consisted  of  a  bulb  and  biirette 
joined  through  a  connecting  arm«    The  experimental  procedure 
consisted  of  holding  the  liquid  in  the  burette  at  a  constant 
temperature  and  gradually  raising  the  temperature  at  which 
the  bulb  was  maintained  to  successively  higher  and  higher 
readings.    By  knowing  the  volume  of  the  bulb,  and  the  volume 
of  the  liquid  in  the  burette,  the  calculations  described 
above  were  possible  of  attainment. 

As  a  part  of  this  research,  the  liquid  density  of 
trif luoroacetic  acid  was  determined  by  use  of  a  calibrated 
dllatometer*    The  equation  expressing  the  variation  of  the 
liquid  density  with  the  temperature  in  the  range  SO-SO*^  C. 
was  determined  by  the  method  of  least  squares*     It  was  foiind 
to  be 


p  =  1.5402  -  (2.506xl0"^)t  +-  ( 1.863xlo"'^)t^ 

The  conclusions  reached  as  a  result  of  this  investi- 
gation may  be  summarized  as  follows:     (1)  the  strength  of  the 
hydrogen  bond  in  trif  luoroacetic  acid  vapor  is*<7200  ±.  260 
cal»/mole;   (2)  the  order  of  polymerization  of  trif luoroacetic 
acid  is  no  higher  than  two;  (3)  there  is  no  appreciable 
difference  in  the  heats  of  association  of  trif luoroacetic 
acid  and  acetic  acid* 

A  tentative  hypothesis  is  offered  that  regardless 
of  the  substituent  group,  the  hydrogen  bond  strengths  of  all 
aliphatic  carboxylic  acids  will  be  essentially  the  same. 
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Table  26 


Calibration  of  Dilatometerj 
Uniformity  of  Capillary  Bfiife 

October  23,  1948 


Upper  Reading 

Lower  Reading 

Length 

Average 

66.305 

56.665 

9.640 

66. 300 

66.665 

9.  636 

9.  637 

66.300 

56. 665 

9.635 

63.300 

53.680 

9.620 

63.300 

53. 6 "5 

9.625 

9*625 

63.300 

53.670 

9.630 



60.390 

50.775 

9.615 

60. 390 

50. 760 

9.630 

9*623 

60,370 

50. 745 

9.625 

6U. 3 

cr\   f7 c 
OU. fOU 

9.  C<iU 

57. 240 

47.605 

9.635 

67 . 210 

47. 590 

A  /--"AA 

9.6B0 

9*630 

57. 230 

47. 600 

9. 635 

54.115 

44.480 

9.635 

54 . 120 

44.480 

9.640 

9.638 

54.1^0 

44.480 

9.640 

51.440 

41.795 

9.645 

51.4S5 

41.785 

9.640 

9.642 

51.420 

41.780 

9.640 

50.095 

40.430 

9.615 

50.105 

40.465 

9.640 

50.100 

40.465 

9.635 

9.637 

-^OTTOO 

40.460 

9.640 

Overall  Average:     9.633      0.01  cm. 


r 
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Table  27 

Calibration  of  Dilatometer : 
Volume  of  Capillary 

October  26,  1948 

Upper  Lower 

Reading  (cm.)  Reading  (cm,)  Length  (cm»)    Average  (cm,) 


Distance  Between  Scratches: 


99,710 

72.465 

27.246 

99.710 

72.470 

27.240 

27,242 

99,705 

72.465 

27,240 

Length  of  Mercury  Column  : 

99,475 

72.740 

26,735 

99.470(a) 

72.760*(b) 

26,710 

99,500 

72.760 

26.740 

26,738 

99,500 

72,760 

26.740 

Temperature  ■  24.2°  C. 


This  reading  was  discarded  because  the  column  of  mercury  slipped 
in  the  capillary  between  reading  (a)  and  (b). 


weighing  bottle      Hg:     20,1874  gra, 
weighing  bottle  (empty);     17.4905  gm, 
Hg  : 2,6969  gm. 

Density  of  Hg  @  24.2°:     13.5359  gm./cc. 

Volume  A  ^        -  2.6969 

~  (i3.535y)(26.73B) 


=    7.4514x10"'^  cc./cm. 


Volume  between  scratches  =  ( 7.4514x10"*^)  (27,242) 

s  0,2030  cc. 


/  .... 

r 


r 


(87) 


Table  28 

Calibration  of  Dllatometer: 
Volume  of  Bulb 

October  26,  1948 

Length  of 
Water  Coli 
above  Scrs 
(average) 


Temperature 

Scratch 
(cm. ) 

Meniscus 
(cm. ) 

Length  of 
Water  Golurcn 
above  Scratch 
(cm. ) 

27,6 

74.275 

82.720 

8.445 

27,8 

74 . 280 

82.725 

8.445 

27,8 

74.275 

82.720 

8.445 

27.8 

74.275 

82.725 

8.450 

8.446 


dilatometer  water:  40,5214  gm. 
dilatometer  (emptj):      38.8090  gm. 

water:        1.7124  gm. 
Density  of  water  @  27.8°:     0.99629  gm./cc. 
Volume/QiQ.  @  24.2°  C.   s  7.4514x10"'^  cc./cm. 
Volume/^^.  @  27.8°  G.   «  (7,4514x10  ) 


/~1-K3.6)(25xl0  ")_7 

=  7.452x10"*^  cc./cm. 

Volume  (total)  =      1.7124        =      i  ntarj  „^ 

0.5962^   i.Via?  cc. 

Volume  of  Bulb  to  scratch  @  27.8°  G. 

-3 

s  1.7187  -  (8o446) (7.4521x10  ) 
r  1.6558  cc. 

The  value  for  the  cubical  coefficient  of  expansion  of  glass 
is  obtained  from:     Reilly,  J.,  and  Rae,  W.  N.,  "Physico- 
Ghemical  Methods",  Vol.  I,  D.  van  Nostrand  Go,,  New  York, 
N.  Y, ,   1939,   p.  37. 
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Table  30 


Calibration  of  the  Burette  Tube: 
Uniformity  of  Bore 


Position  of  Mercury  Slug        Length  of  Mercury  Slug 
(against  inch  scale)  (Ave.)  (cm.) 


li 

4t 

8.248 

5 

7 

8.250 

6 

9 

8.253 

9* 

13* 

8.265 

12 

15 

8.263 

14 

17 

8.269 

17 

20 

8.253 

19* 

22k 

8.270 

20i 

23i 

8.268 

Average;     8.259  ±  6.Bl  cm. 


Table  31 


Calibration  of  Burette:  Volume 
With  tube  full  of  water; 


Wt,  tube  4-  water:  15.8416  gm. 
Wt.  tube  (empty):     12.6849  gm. 

Wt.  water:      3.1567  gm. 


Height  of 
Meniscus  ( cm. ) 

Height  of 
Scratch  (cm. 

) 

Difference 

(cm, ) 

Average 
(cm,  ) 

40.270 

37.765 

2.505 

40. 2oo 

37.770 

40,265 

37.770 

2.485 

40,270 

37.765 

2,505 

40.270 

37.770 

2,500 

AO. 210 

37.765 

2.505 

40.260 

37,760 

2.500 

2,501 

40.265 

37,765 

2,500 

±0.005 

40.265 

37,760 

2.505 

40.265 

37,760 

2,505 

40.260 

37,755 

2.505 

40.255 

37.755 

2.500 

Temperature  • 

23.820C. 

With  tube  half 

full  of  water: 

Wt.  tube  -1-  water:  14.1546 
Wt.  tube  (empty):  12.6849 
Wt.  water:  1.4697 

gm 
gm 
gm 

• 

Height  of 
Scratch  (cm.) 

Height  of 
Meniscus  (cm. 

) 

Difference 

(cm..  ) 

Average 
( cm.  ; 

38.170 

8.465 

30.706 

38. 165 

8.465 

30.700 

36.165 

8.465 

30.700 

38.170 

8.465 

30.705 

36.1'70 

8.465 

30.705 

30.703 

38.170 

8.465 

30.705 

±0.002 

38.165 

8.465 

30.700 

38.170 

8.465 

30.705 

38.170 

8.470 

30.700 

38.165 

8.465 

30.700 

Temperature  = 

25.650C, 

Volume  of  burgtte 
at  26.65  C. 

(in  cc./cm.  tube 
-  5.0803x10""^  cc 

length) 
./cm. 

Volume  of  burette 
at  24»82°  C. 

to  the  reference 
=  2.9845  cc. 

mark 

( 


(93) 


Table  32 

Calibration  of  the  Vapor  Density  Bulb 

wt.  bulb  +  water:     341.058  gm, 

wt.  bulb  (empty):      88.572  gm. 

?rt#     water:     252.486  gm. 

o 

Temperature  s  25.67  C. 
Volume  of  bulb  at  25.67°  C.  =  253.274  cc. 

Table  33 

Calibration  of  the  Connecting  Arm 
wt.  weighing  bottle  -v-  mercury  slug:     88.7235  gm. 
wt.  weighing  bottle  (empty)  ;     17.4908  gm. 

wt.  mercury  slug  :     71.2327  gm. 

0 

Temperature  =22.2  C. 

o 

Volume  of  connecting  arm  at  22.2    C.  =  5.261  cc« 

Table  34 

Weight  of  Sample  Used  in  Vapor  Density 
Measurements 


wt.  sample  bulb  +  sample 
wt.  sample  bulb  (empty) 
wt.  sample 


32.9237  gm. 
28.9369  gm. 
3.0868  gm. 


c 

«  •  4 


O  CI^ 
^  C5  O 

OS  p:; 
o 


0) 

(S 
in 

> 


I 

so  ^ 

^  o 

EH  -P 


<  • 

o 

tiOO 


I 


O  ©  X3 
■P  fH  C  -P  05 

m 


Eh  O 
O 

I 

<D 


O 

s 


00  eo 

e  > 


bO  CD  • 

©  <D  d  t)  S 

fi  K  .H  CO  O 


^4 


£h  +3  O  4^  -P 


pL,  -P  g  CO  +>  — ' 


S 


43  • 

00  I    (4  I  <D 

miHC-PcotiOco  • 

O00  0D©©CO& 

^<  '-^ 

Eh  ©  I    ©  I 

4J 


O  +3  +3   fclO  -i 

O  "H  ©  ©  C  ^5 
P^  -P  e  CO  •H>-^ 


^  : 
•H  a 

0  O 

© 

03  00 
©  O 
CtJ  CO 

GO  I 
©  © 

1  -H  r-l  • 

•P  00  S 
00  ©  O  O 

CQ  -P  W 


© 


^4 
© 

< 
© 

O 
<<-) 
© 


03 


lO 

o 

o 

CO 

,—1 

r-i 

# 

cO 

CO 

CO 

LO 

lO 

O 

o 

lO 

O 

lO 

o 

t> 

o- 

to 

to 

to 

Ah 

to 

to 

o 

• 

• 

• 

O 

o 

• 

• 

• 

O 

CM 

■P 

to 

CO 

to 

■P 

<S 

to 

lO 

to 

rrt 
Ul 

at 

to 

ro 

to 

rn 

r, 
H 

M 

M 

c. 
M 

O 

o 

o 

O 

00 

01 

CQ 

oa 

I— I 

—4 

m 

r-i 

«-» 

iH 

r-i 

r-i 

iH 

UJ 

cO 

lO 

LO 

lO 

• 

• 

• 

» 

• 

• 

lO 

to 

to 

to 

CO 

to 

to 

to 

C>2  to 

O  CM 

O  CO 

lO  lo 

CO  lO 

(0  CO 

O  CO 

r-i  rt* 

lO  CO 

LO 

to 

CO  "St* 

CO  "* 

to 

tO  sl< 

to  "s** 

1—4 

1  1 

r-i  CO 

r-i  CO 

r-i  CO 

1—1  ^ 

r-i  tO 

OJ  (M 

CM  02 

CM  CM 

CM  CM 

CM  CM 

03  CM 

r-i  r-i 

rH  r-i 

r-i  r-i 

_j 

hO 

lO 

(JU 

CLy 

to 

• 

• 

• 

• 

• 

• 

O 

O 

O 

o 

O 

o 

lO 

lO 

lO 

CO 

CO 

to  t>- 

to 

im  00 

CO  CO 

O  CO 

CO  CO 

lO  CO 

CM  CO 

to 

CO  Tl< 

CO 

to 

CO  ^ 

to 

O  lO 

O  lO 

O  lO 

00  CO 

00  to 

CO  CO 

lO  LO 

lO  lO 

00  C5^ 

CO  <J> 

GO  O) 

o  o 

o  o 

o  o 

'* 

OJ  03 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

w 

i- 

to 

to 

CO 

CO 

CO 

CO 

to 

CO 

to 

CO 

to 

to 

L 

L 

w 

I. 

to 

CO 

CO 

CO 

CO 

CO 

)0 

to 

VJ 

rO 

ro 

o 

O 

O 

lO 

lO 

lO 

# 

CO 

CO 

CO 

to 

CO 

to 

to 

CO 

CO 

o 

o 

o 

in 

to 

lO 

o 

CM 

lO 

o 

r-i 

o 

o 

O 

1 

CM 

to 

r 


u 

<D 
-P 

©  bO 

o  ^  • 

-P  S 

0)  (0  o 

a  0)  — 

GO 

o 

I  i 

Q>  CO  <M  -P 

bO  ?H  o  o 

CO  03        ®  < 
^  ft  0)  G  O 

<i>  s  c 

>  <D  ^  O 


O 

■1 
• 

CO 
lO 


<;  Eh  -P  O  -H 


I 

00 


o  ©  -a     CD  • 

c  -p  CO  bO  o  B 

CO  ©  ©  CJ  CO  o 

>  S  «  -H  I 


I 

c; 

©  i 

-P  o 

O  Ti 

-P 


©  I 

■P  +2  c 
©  ©  tH 

S  CO  -p 


00 

C!3 


o 


I     f<    I         r-i  » 

O  ©  "O       08  g 

^  4J  00  EaO  o  o 

03  ©  ©  C  <n  I 


t 

C 

©  I 

-P  O 
O  t-t 


•P 

a 

•H  ©  '-^ 
O  rH  • 

00  S 
O  O 
•P  03  I 

TO  ^ 

© 


I 


CO  ^ 

©  ©  • 

•P  fn  00  O 

CO  ©  O 

CQ  -P  CO 


■P  C  5 
©  -H  ^ 

CO  +i 

© 
■P 
<H 
<»} 

© 
Pi 

o 

© 

PQ 


•H 


TO 


\^ 

lO 
UJ 

to 

p  J 

CM 

f-( 

CO 

lO 

to 

O 

O 

lO 

lO 

UJ 

CO 

r-i 

iH 

1-4 

is 

• 

• 

• 

o 

o 

• 

• 

• 

o 

rO 

hO 

pj 

4-' 

~ 

lO 
P  J 

WO 

lO 
p  J 

to 

PJ 

p  J 

u 

o 

o 

O 

TO 

TO 

TO 

,—1 

rH 

p-l 

CD 

CO 

00 

00 

00 

00 

I  I 

—J 

n 

— 1 

ro 
\jj 

lO 

lO 

lO 

lO 

lO 

IQ 

lO 

lO 

to 

»o 

lO 

rO 
p  J 

lO 

p  J 

to 
p  J 

to 
p  J 

to  10 

CO 

lO  Oi 

o  to 

o  o 

o  o 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

lO  tr\ 

"J  N*/ 

to  tn 
p  J 

(M  LO 
Vm  u^ 

to  ^ 

CO  ^ 

CO  ^ 

to  ^ 

to 

CO 

i—i  to 

f-1 

rH  (O 

r-i  to 

iH  to 

fH  to 

01  CVJ 

01  OI 

01  01 

01  Ol 

01  Ol 

01  Ol 

^  -Si* 

r-l  r-i 

r-t  iH 

H  iH 

rH  iH 

rH  iH 

rH  iH 

UJ 

LM 

to 

P  J 

to 

p  J 

• 

• 

• 

• 

• 

• 

o 

O 

o 

o 

O 

o 

o 

00 

00 

00 

w  UJ 

UJ  ^ 

l~»  lO 
1^  UJ 

ICS 

^>~  rH 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

O  Oi 

to  02 

01  o 

o  o 

iH  Ol 

O  01 

to  to 

01  ^ 

to  ^ 

to  to 

I>  (M 

01 

CM 

01 

01  c- 

01  I> 

r-l  CVJ 

r-i  Oi 

r-4  01 

to  to 

to  to 

to  to 

01  Oi 

O)  05 

01  Oi 

to  to 

to  to 

CO  lO 

OJ  OJ 

OJ  Ol 

01  Ol 

to  to 

lO  to 

to  (O 

lO 
UJ 

L 

1. 

t^ 

• 

• 

• 

• 

• 

• 

lO 
UJ 

lO 
UJ 

lO 

Li  J 

lO 
uy 

lO 
UJ 

lO 
U  J 

to 

to 

to 

to 

to 

to 

lO 

• 

• 

• 

• 

• 

• 

lO 
UJ 

U  J 

to 

to 

to 

to 

to 

to 

LO 

lO 

• 

• 

• 

• 

• 

• 

lO 

to 

lO 

to 

to 

to 

to 

to 

to 

o 

o 

o 

lO 

lO 

o 

r-4 

01 

to 

lO 

to 

CO 


to 

lO 


o 
00 
o 

TO 


o 

lO 
• 

to 


fH 

00 


Oi 

to 
to 


lO  CO 

•  • 

iH  T}1 

to 


to 

01  Ol 


01 

« 

iH 

Oi 


\Oi  O 
•  • 

to  ^- 
to 


to  iH 

to  t> 

00  00 

to  to 

00 
lO 

to 


00 

LO 

to 


to 
to 

o 

o 


o 
to 
to 

• 

to 


rH 

00 


o 
to 

• 

to 

CO 


lO  to 

O  CO 
to  ^ 


rH  to 
01  CM 

<^  Tit 

rH  iH 


rH 

Oi 


LO  to 
•  • 

to  ^ 

CO 


to  • 

to 

00  00 

to  to 


CO 

to 


to 
to 


o 

itO 

to 


f 


(96) 


•a 

CO  :3 
c 

<D  -H 

^  C 
C0  o 

E-t  O 


+» 
<D 

o  c  • 

■P  -H  g 
©•DO 
^  03  — ' 
-P  « 

CD  Qc: 
o 

I  I 

<D  CO  <H  -P  S 

tiOS^  o 
00  <D 

<o  B  h 
>  o  B 


c  o 


<  Eh  -P  O  -H 


+5 
00 

-P 

00 

o 

a 
u 

Eh 


O  0)  no 
C  -P  OD 

CO  0  0) 

>  s 


Eh  O 
O 


bO  o  o 
G  CO  I 


4J 

CO 
-P 
CO 

o 

a 

U 


I 

C  fn 

<D  I    ©  I  tsO-c 
+3  O  4->  -P  C  B 
O  -H  ©  © 
(i<  -P  a  CO  -P 


Eh  O 
O 


©  — 

I  I  r-i  • 

•  o  ©      oj  a 

r-4  C  -P  00   t>0  O  O 

CO  CO  ©  ©  G  n  I 

C5  >  a  «  -H  — . 

I 

C 

©   I  ©  I 

■P  O  +J  4J  G  ■> 

o  "H  ©  ©  ^ 

Ot  -P  a  CO  -P 


-P 

tJ 
•H 

O  © 
09 


I 

00 

m  -p 


TO  Q)  •«-»• 
©  iH  • 

H  CO  a 

fn  O  O 
©  CO  I 


© 
-P 

© 

o 
© 

PQ 


•H  to 


lo 
to 

GO 

to 


CD 


o 
to 

CO 

to 


r-l 

CO 


lO  o 
o  r-^ 
to  CO 


CO 

to 


U3 

CO 
CO 


lO 


CO 


o 

LO 

CO 


oo 


CO 

03 

05 

lO 

lO 

• 

• 

• 

LO 

CO 

to 

CO 

CO  CO 

lO  CO 

•  • 

• 

• 

•  • 

CO  CO 

OI 

01  lO 

CO  -sji 

to 

CO  ^ 

i-t  CO 

r-i 

CO 

H  to 

CM  02 

01 

Ol 

01  01 

1-4  i-i 

01 

01 

• 

• 

• 

o 

o 

o 

o 

o 

o 

iH 

i-i 

00  O 

o  to 

•  • 

• 

• 

•  • 

o 

o 

CO  r-i 

CO 

CO 

CO  ^ 

LO  O 
O  iH 

CO  CO 


to 


CO 


CO 

|to 


LO 

CO 
CO 


lO 


CO 


ID  O 
O  r-i 

CO  CO 


CO 
CO 


CO 
CO 


lO 

CO 
CO 


U3 
LO 


CO 


LO 

CO 

o 

• 

lO 
CO 


CO 


CO 
lO 
• 

lO 
CO 


o 
o 

lO 

to 


Oi 
LO 
• 

lO 
CO 


o  to 

CO 


r-i  CO 
Ol  Ol 

r-i  r-i 

01 
Ol 
• 


01  o 

•  • 

CO  lO 
CO  -"i* 


O  lO 


o 

CO 


o 

cO 


01 


LO  LO 
•  • 

01  CO 
CO 


CO 
01  Ol 

I-i  iH 

r-l 
CM 
• 

I-I 

r-i 
r-i 


o 

00 

o 

• 

lO 
CO 


00 
r-i 


00 
lO 
• 

LO 

CO 


""i*  CO 
CO 


CO 
01  01 


05 
r-i 


lO  LO  lO 


CO 


O  lO 

a>  05 


to 


to 


to 


to 
to 


05 


CO 


O  lO 
05  05 


CO 


o 

a 


o 
to 


LO 


105 


w 

• 

LO 

o 

o 

to 

o 

o 

o 

o 

-p 

to 

to 

CO 

OS 

• 

• 

• 

uo 

to 

o 

to 

to 

CO 

CO 

r-i 

I-I 

r-l 

00 

00 

CO 

iH 

f-1 

rH 

00 

05 

05 

LO 

lO 

to 

• 

• 

• 

to 

to 

to 

CO 

CO 

CO 

O 

CO 

LO 

r-l 

O  01 

• 

• 

• 

• 

•  • 

CO 

CO 

CO  CO 

to 

CO 

CO  '^J* 

1-1 

CO 

1-1 

to 

r-l  CO 

01 

Ol 

01 

03 

Ol  Cvl 

r-l 

r-l 

I-I 

r-l  r-l 

Ol 

LO 

r-i 

• 

• 

• 

r-i 

r-i 

f-l 

CM 

01 

01 

r-i 

pH 

1-1 

to 

CO 

to 

05 

o  o 

• 

• 

• 

• 

•  o 

1-1 

05 

I-i 

o 

CO 

to 

CO 

to 

CO  "^t^ 

to 

o 

01 

Ol 

00 

^- 

00 

O  CO 

01 

01 

01 

Ol 

01  01 

to 

LO 

to 

to 

to  LO 

LO 

• 

• 

• 

CO 

CO 

CO 

to 

• 

• 

• 

CO 

CO 

to 

to 

LO 

to 

• 

• 

• 

to 

CO 

CO 

to 

lO 

to 

r-i 

Ol 

CO 

o 

o 

o 

r-i 

rH 

r-i 

o 

•p 

00 

o 
m 


(97) 


to  © 

to  ::i 
C 

i-i  -P 

^  c 
as  o 
EH  o 


<D 
4J 

<U 

O  G  • 

-p  -H  a 

^  CO-— • 

CD  K 
O 

I  I 

®  03  <iH  -P 

bO      O  O 
CO  0) 
ft  <D 

<o  B  U 
>  <D 


<D  <• 


<i;  Eh  -t^  O  -H 


tiOO 
CO 


I 


I 

o 

05  i-t  C 
■P  CO  CO 
03  C5  > 


O 


© 

®  X3       CO  • 

■P  00  bO  O  S 

©  (D  C  CO  O 


I 

<D  © 


_  _  I 

^  -P  O 
Eh  O  -H 
111  -P 


<D  I 

-P  +3 

a  CO  -P 


5s 


EH 


+3 

GO 
4J 

m 

O 

B 

Eh 


I 


U  » 


CO 

I 

G 

©  i 

■P  O 
O  -H 
CM  -P 


CO 
© 


S  w  -P 


o 

© 

rH 

OC 

bO  O  g 
CMC 


G  •» 


© 

-P  G  CO  • 
©  o  w  o 


03  ©  ^ 
0)  r-i  • 

«  -H  CO  a 

•P  F^  O  O 
OB  ©  CO  I 


© 

<M 
<! 

© 

O 
«^H 
© 


© 


o 

1 

to 

LO 

O 

o 

O 

rH 

rH 

rH 

rH 

02 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

• 

• 

CO 

to 

CO 

CO 

lO 

to 

LO 

lO 

to 

lO 

•« 

lO 

lO 

O 

*« 

«• 

to 

o 

to 

«• 

o 

lO 

to 

«• 

CO 

(-1 

CJ 

ft 

rG 

Ah 

CO 

o 

o 

CO 

CO 

CO 

o 

O 

o 

• 

• 

• 

^1 

-p 

• 

• 

• 

•p 

4J 

• 

• 

• 

■p 

CO 

to 

LO 

CO 

to 

to 

to 

00 

CO 

to 

LO 

to 

00 

]h 

to 

to 

to 

^ 

to 

to 

CO 

Sh 

to 

CO 

to 

f-i 

o 

o 

o 

O 

o 

o 

n 

03 

(Q 

1 

03 

r-J 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CD 

GO 

CO 

GO 

CO 

GO 

CO 

00 

00 

rH 

1-1 

iH 

rH 

r-i 

rH 

rH 

rH 

rH 

Oi 

CO 

OS 

05 

05 

O) 

05 

05 

lO 

lO 

lO 

lO 

to 

LO 

LO 

LO 

• 

• 

• 

• 

• 

« 

• 

• 

• 

LO 

to 

to 

to 

lO 

lO 

lO 

lO 

PJ 

PJ 

~J 

isr\ 
Pj 

PJ 

PJ 

GO 

O  O 

03 

£>  lO 

rH 

to 

to  lO 

LO  J> 

to 

• 

• 

•  • 

•  • 

• 

• 

•  • 

• 

• 

•  • 

•  • 

• 

» 

LO 

CD 

to  ^ 

to 

to  CO 

CO 

CO 

to  :0 

10 

■o 

lO 

lO  '5l< 

to  ^ 

to 

to  ^ 

CO 

to  'sJ' 

to  ^ 

to 

CO 

fH  CO 

rH  CD 

rH 

CO 

rH  to 

rH 

<o 

rH  to 

rH  <0 

rH 

'vO 

02 

03  02 

02  02 

01 

02 

02  02 

02 

02 

02  02 

02  02 

OI 

02 

1 — i 

* 

1  1 

1 

* 

r-i  1 — 1 

t 

CD 

05 

CO 

to 

CO 

o 

CO 

CO 

OI 

03 

to 

00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rH 

r-i 

rH 

to 

CO 

CO 

to 

to 

to 

to 

!0 

to 

r-i 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

lO 

to 

OJ  to 

00 

o 

O  OJ 

O 

05 

to  o 

to  o 

to 

o 

• 

• 

•  • 

•  • 

• 

• 

•  • 

• 

•  • 

•  • 

• 

• 

to 

to  'i^^ 

to 

02 

o 

to  lO 

o 

CO 

rH  05 

02 

02 

to 

to 

to  '^f 

to 

CO  Ti< 

to 

to 

to  to 

to  '^J* 

CO 

lO 

o 

to  o 

LO  O 

02 

02  r- 

02 

00  to 

00  to 

CO 

CO 

«o 

!0 

lO  CO 

to  CO 

to 

to 

LO  lO 

to 

to 

COC- 

to  !>- 

CO 

t> 

02 

02 

02  02 

02 

02 

00  00 

00  00 

CO 

00 

lO 

lO 

lO  to 

to  lO 

CO 

CO 

CO  CO 

CO 

CO 

CO  -O 

O  'O 

CO 

CO 

Oi 

00 

00 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

00 

CO 

CO 

to 

to 

tO 

to 

CO 

PJ 

to 

to 

CO 

o> 

CO 

00 

00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CO 

CO 

CO 

to 

to 

to 

lO 

to 

to 

to 

CO 

to 

o 

o 

o 

o 

o 

o 

to 

lO 

to 

• 

• 

o 

• 

• 

• 

• 

• 

00 

CO 

CO 

00 

CO 

CO 

CO 

CO 

CO 

to 

to 

to 

to 

to 

to 

to 

p^ 

o 

o 

O 

o 

o 

o 

lO 

to 

to 

o 

rH 

02 

to 

o 

H 

LO 

o 

iH 

rH 

rH 

r-i 

CV2 

02 

02 

OJ 

to 

rH 

rH 

rH 

rH 

rH 

rH 

T-i 

r 


(98) 


to 

<D 

<a 
E-i 


< 

o 

•H 
■P 
0> 
O 
CO 
O 
h 
O 

o  • 

•H 

m 
C  I 
<D  ' 

fi  C 

(4 

o 

OS 

> 

I 

01 


O 
01 


u 

<D 
■P 
0 

a  t>o 

O  CJ 
<D  -O 

;ci  CO 
43  © 
CO  pd 
o 

I 


a 

o 


I 


©  OB      -P  S 

bOU  O  O  U 
00  © 
fH  9.  © 

©  S  Pi 

>  ©  :3 

<«;  Eh  -P 


©  <; 

G 

O  G 


O 
O 


CQ 


•P  I 

CO  iH 
4J  00 
TO  CU 
O 

S  I 

©  © 

^  -P 
Eh  O 


EH  O 
O 

© 

O  ©  CO  • 

C  -P  CO  bO  O  e 
CO  ©  ©  G  W  O 


u 

I  ©  t 

O  -P  +3 
•H  ©  © 

p  g  CO  -p 


G 


Eh  O 
O 


+3 

1  P^ 

i 

OS 

1  0  ©  -o 

■P  r-4  G  -P 

CO 

bO 

TO 

CO  CO  © 

© 

G 

0  0  >  Boc-H 

S 

1 

G  fn 

© 

©   1  © 

1 

n  +3   0  -P  +3 

G 

• 

Eh 

0  ^  © 

© 

a 

0^  p  S  CO  p 

• 

CO 

4J 

© 

CO 

10 

C 

•«!»• 

•H 

S-i 

05 

0 

©  ^ 

< 

fH 

00  a 

© 

-p 

0  0 

TO 

TO  1 

0 

1-1 

© 

© 

© 

s 

CQ 

© 

•H 

TO  © 

Eh 

©  iH  • 

1 

•H  05  a 

© 

0 

+3 

u  0  0 

> 

Ph 

CO 

©  CO  1 

0 

© 

PD  P 

tsi 

• 

«> 


G 

•H 
TO 

m 


10 

0 

0 

0 

to 

10 

10 

0 

0 

0 

# 

# 

to 

CO 

10 

to 

to 

in 

10 

^? 

r-4 

r-t 

r-i 

CO 

vO 

CJ> 

J> 

00 

00 

CO 

# 

CV2 

CM 

CM 

CM 

0  U5 

to  OJ 

CM  in 

CO 

CO 

0  to 

03  in 

(O  t14 

CO  ^ 

CO  ^ 

00  to 

lO  0 

lO  0 

m  0 

01  to 

CM  CO 

CM  to 

CM  to 

I> 

£>•  r> 

1-1  i-i 

1. 

CM 

CM 

CM 

• 

• 

• 

• 

'O 

to 

CO 

10 

10 

10 

in 

0  0 

0  Oi 

00  to 

in 

#  # 

0  iH 

05  CM 

05  to 

to 

to  ^ 

CM 

CM  tJ< 

10  0 

10  0 

10  C 

in  0 

o>  0 

oi  0 

05  C 

05  0 

CM  to 

CM  to 

CM  to 

CM  CO 

CM  CO 

CM  CM 

CM  CM 

CM  CM 

CO 

CM 

• 

• 

• 

• 

no 

CO 

to 

to 

to 

(30 

0 

CM 

0 

• 

• 

• 

• 

to 

to 

to 

CO 

0 

0 

0 

0 

• 

• 

• 

• 

00 

CO 

00 

to 

10 

to 

CO 

0 

0 

0 

10 

0 

fi 

0 

r-i 

CM 

CM 

in 


o 

CO 

p^ 
o 

TO 


0 

in 

in 

05 

Oi 

CJJ 

to 

CO 

CO 

• 

• 

• 

1-1 

1-1 

to 

to 

CO 

in 

m 

in 

t> 

£> 

iH 

r— I 

rH 

•!« 

00 

00 

Cft 

05 

• 

• 

* 

CM 

CM 

CM 

CO  CO 

0  0 

•  • 

•  • 

•  • 

rH  to 

05  0 

05  r-i 

CO 

1—1  to 

r-i  to 

in  0 

in  0 

in  0 

CM  CO 

CM  CO 

CM  to 

^-  c*- 

t-i  r-i 

rH  r-i 

iH  rH 

m 

in 

in 

00 

CO 

00 

• 

• 

• 

CO 

•vO 

CO 

in  CO 

CM  0 

0  ^ 

•  • 

•  • 

•  » 

to  t> 

CO  to 

to  CO 

CO  ^ 

CO  ^ 

CO  ^ 

to  CO 

CO  CO 

to  00 

0  0 

0  0 

0  0 

00  00 

CO  00 

00  CO 

CM  CM 

CM  CM 

CM  CM 

0 

• 

• 

• 

CO 

10 

CO 

to 

CO 

• 

« 

• 

to 

to 

to 

in 

in 

0 

• 

• 

• 

to 

to 

to 

tn 

0 

0 

to 

in 

0 

to 

CO 

to 

G 

Ti 
-P 

CO 

© 

ph 
© 
> 
o 

fH 
00 
O 
O 


© 

TO 

;3 
CO 
o 

G 
O 
•H 
-P 

o 
G 


© 

rH 

Qi 
^3 
O 
O 

o 

a 

Ph 

© 

P 
O 

o 
CO 

^> 


f»5 

fH 
P 
O 
© 

© 
o 

§ 

TO 

bO 
•H 

*^ 


(99) 


(£)  (D 

C 
<D  -H 
rH 

^  G 
OB  O 

El  O 


© 
•P 

O  o 

-p  'D  a 

<D  CO  O 
^  O  ^ 

■P  K 
CO 

o 


®  CO  «H  -p  a 


CO  o 

?4  ft  (D 

<U  S  ?H 

>  ®  ^ 


O 


<:  Eh  -P  O  -H 


Eh  • 
O 

o 


+3    I  O 

CD  rH  n 

■P  OD  CO 
03  O  > 

o 

a  • 

(D  <D  I 
^  -P  O 
Eh  O  .H 
(U  -P 


I 


-P 
CO  <H  C 
■P  CO  (D 
03  O  > 
O 

a  • 

03  (D  I 
^  -P  O 
EH  O  ^ 
-P 


-p  CO  bo  CO  a 

©©COO 

a  K  "H  03  I 


©  I  (0 

-p  -p  n 

©  ©  -H 

a  CO  -p 


Im   I  "^'©'— 

4->  (0  bo  CO  a 

©©coo 

a  Cd  -H   03  I 


©  I 

-P  4J 

©  © 

a  CO  -p 


-p 

<p 

c 

•H 

< 

O 

© 

• 

© 

00 

a 

•P 

O 

o 

O 

m 

03 

1 

© 

© 

oa 

«> 

©  rH 

1  ^ 

CO 

• 

-P  U 

o 

a 

as  © 

CO 

o 

OQ  -P 

1 

© 

a 


c 


/-V 

1 

1 

LI  J 

o 

u  J 

CO 

# 

1 

r^ 

# 

• 

1^ 
UJ 

CO 

CO 

cu 

lO 

lO 

lO 

lO 

lO 

*• 

LO 

lO 

o 

to 

o 

lO 

O 

M 

1 

LIJ 

Hj 

O 

CM 

CM 

CM 

i' 

CO 

CO 

CO 

00 

2 

i^' 

to 

CO 

CO 

4J 

• 

• 

• 

o 

o 

• 

• 

• 

• 

O 

o 

• 

• 

• 

o 

05 

tM 

CM 

■P 

-p 

CM 

CM 

CM 

CM 

p 

■p 

CO 

p  J 

to 

CO 

CO 

CO 

CO 

to 

to 

to 

CO 

CO 

CO 

CO 

to 

fj 

CO 

o 

u 

u 

U 

Sh 

03 

o 

O 

o 

o 

O 

03 

03 

03 

03 

0!3 

a  J 

UJ 

UJ 

U  J 

UJ 

UJ 

U  J 

^- 

t> 

I> 

t 

r~i 

1 

rn 

i 

1  1 

r^ 

CO 

CO 

LiJ 

UJ 

CO 

CO 

vO 

CO 

CO 

CO 

CO 

CO 

00 

00 

00 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

QO  to 

lO  o 

o  o 

lO  CO 

lO  o 

o  o 

o 

CO 

lO  o 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 

• 

•  • 

•  • 

*  • 

[>  rn 

C>*  CO 

Vi  LQ 

CM  Lij 

to  lO 

to 

Uj 

CM  ^ 

tM  ^ 

rv>  II 
L.V  ^ 

PJ  ^ 

PJ  ^ 

PJ  ^ 

pj 

>*• 

PJ  >r 

PJ  ^ 

CJ  ^ 

in  O 

LO  O 

lO  o 

lO  o 

lO  o 

lO  o 

lO 

o 

lO  O 

lO  o 

lO  o 

CM  60 

CM  to 

CM  CO 

CM  to 

CM  CO 

CM  CO 

CM 

CO 

CM  CO 

CM  CO 

CM  CO 

L  V. 

L  V 

L  w 

L  t 

L 

L 

L  L 

rH  rH 

rH  rH 

iH  iH 

rH  rH 

r-i  rn 

rH 

 1 

rn 

rH  rH 

 J   1 

rn  rn 

Oi 

CM 

CM 

lO 

lO 

CM 

GO 

lO 

O 

o 

O 

9 

# 

# 

• 

• 

# 

• 

^- 

00 

00 

00 

CO 

co 

00 

CO 

CJ5 

05 

0> 

CO  to 

Vw>  V.M 

rH  to 

CO  LO 

t~  CM 

C3 

GO  CVJ 

C— ' 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 

• 

o  o 

•  • 

#  # 

to 

o  to 

1-1  ri* 

»H  to 

r-\  CO 

CO 

CM  r*< 

rH  CM 

rH  CO 

to 

CO 

to 

CO 

CO 

CO  ^ 

CO 

CO 

to 

CO  ^ 

to  00 

CO  00 

CO  CO 

CO  i-i 

to  rH 

CO  r-i 

CO 

rH 

to  00 

CO  00 

to  CO 

k 

CO  lO 

CO  CO 

CO  CO 

O  rH 

O  rH 

O  fH 

o 

rH 

CM  CM 

CM  CM 

CM  CM 

J>- 

rH  rH 

rH  rH 

rH  rH 

"J  ~J 

PJ  PJ 

PJ  PJ 

PJ 

IT* 

CM 

CM 

CM 

LM 

CO 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CO 

CO 

CO 

CD 

CO 

CO 

LO 

IQ 

LQ 

CO 

CO 

to 

to 

to 

CO 

CO 

to 

CO 

Oi 

GO 

CM 

CM 

CM 

CM 

CO 

00 

9 

• 

• 

• 

• 

CO 

CO 

CO 

CO 

CO 

CO 

lO 

LO 

lO 

(O 

to 

lO 

lO 

CO 

CO 

to 

to 

to 

Cj 

in 

o 

lO 

lO 

o 

O 

o 

• 

• 

• 

• 

• 

o 

• 

• 

• 

• 

to 

CO 

cO 

CO 

CO 

CO 

CO 

CO 

CO 

t 

to 

to 

CO 

to 

to 

CO 

to 

to 

to 

CO 

lO 

•o 

lO 

lO 

lO 

lO 

JO 

lO 

lO 

lO 

o 

iH 

lO 

o 

H 

lO 

o 

CO 

CO 

CO 

a> 

o 

o 

rH 

rH 

rH 

rH 

(100) 


<p 

03 

<B  Ci 

o 

o 

C  • 

•  00  ^ 

n  -P  00 

4J  to  iH 

O  <D 

^  00  -P 

CO 

<D  C  O 

r-i  ^ 

O  ©  tH 

C  00  a 

•H  ^ 

O  CO  © 

CO 

(0  -P 

to  <D 

f-l  tH 

h  T-l 

^}  -P 

©  ©  G 
>~« 

00  c 

^   OQ  © 

O 

T3  C  -P 

o 

© 

O  'O  to 

^  O  -P 

O  ^ 

•P  © 

©  C 

6  as  cs 

w  w 

0 

09 

C  -P 

0  -H  08 

+^  -P  ^ 

C  +^  -P 

C  -P 

00  f>s«H 

CO 


O 
CM 

«> 

f 

> 
O 


•  S 

CO  • 

Oi 

rH  O 
rH 

«» 

10 

© 
©  -H 

©  O 
>  h 

o  © 

^.  ISJ 


© 
•p 

© 

O  C 
•P  -H 
© 

J3  05 
43  © 

CO  K 

O 


B 
o 


I  i 

©  08  <HI  -P  S 

bOU  O  O  U 

a  © 
fci  ft  © 

©  a  ?^ 

>  ©  ^ 


©<;*-« 
c  • 


<;  Eh  -P  O  "H 


E-t  O 

o 


10 

to 

10 


00 

o 
m 


10 


to 
10 


o 
■p 

05 

o 

0] 


©  ^ 


I  O  ©  iH  • 

i-i  c  -p  CO  tiO  CO  a 

00  CO  ©  ©  c  o  o 

e  >  s  K  "H  00  I 


I 

c  u 

©  i  ©  I  bO 

o  -H  ©  ©  v^ 

-P  g  CO  -P 


o 

EhO 


3s 


I    O  ©  fH  • 

iH  n  -P  CO  bO  00  s 
00  CO  ©  ©  c  o  o 


i 

c 
© 
+3 
o 


tiO 


■p 

O 
0* 


©  I 

■P  4J 
©  © 

a  CO  +3 
© 


-p 

m 
© 

03  © 
©  tH  • 

•     CD  a 

■P  f^  O  O 
00  ©  CO  I 
CQ  -P 


© 

a 


© 
u 
o 

© 


c 

03 


10 
to 

00 
• 

to 
to 


10 


Oi 
CM 


P 

to 

CO 

to 

10 


iH 


O 
CO 
• 

CM 


10  00 

•  • 

to  to 
to 


to  CO 
CM  CM 


to 

CO 
• 

o 


CM  O 
•  • 

tH  to 

to 


Oi  Tj4 

CM  (O 
to  to 


IC  O 
•  • 

teM  10 
to  Tjt 


to  10 


10 
to 


loo 

• 

10 
to 

o 

• 

to 
to 


o 
o 


to  CO 
CM  CM 


O 
CO 


to  10 

•  • 

to  ^ 


Oi  ^ 

CM  CO 

to  to 


10 
to 


to 

LO 

CO 

LO 

to 


10 

to 

• 

to 
to 


10 


CO 
CM 


o  10 
Ito 


to  00 

CM  CM 


00 

o 

iH 

to  10 

•  • 

to  to 

to  -5** 


0^  -"i* 
CM  to 

to  to 


to 
to 


• 

10 
10 

10 

• 

10 
to 


o 

CM 


10 


to 
to 


o 
-p 

00 

o 
m 


0 

0 

0 

0 

0 

0 

to 

to 

to 

• 

• 

e 

to 

to 

to 

LO 

LO 

10 

t> 

rH 

rH 

iH 

tH 

0 

00 

CO 

00 

• 

• 

• 

CM 

CM 

CM 

0  0 

to  0 

10  10 

•  • 

•  • 

•  • 

CM  to 

tH  ■^J* 

CM 

to 

to  -"ii 

10 

to  00 

to  CO 

to  CO 

CM  CM 

CM  CM 

CM  CM 

iH  fH 

iH  tH 

iH  iH 

to 

• 

• 

• 

rH 

tH 

rH 

r-i 

iH 

iH 

in  0 

CM  10 

•  • 

•  • 

•  • 

to  CM 

rH  0 

to  iH 

to  ^ 

to 

to 

H  to 

tH  to 

r-i  CO 

0  0 

0  0 

H  iH 

iH  tH 

iH  tH 

10  lO 

to  LO 

10  to 

OS 

to 

• 

• 

• 

to 

to 

to 

to 

to 

10 

0 

to 

• 

• 

• 

to 

to 

to 

to 

to 

to 

0 

to 

10 

• 

• 

• 

to 

to 

to 

to 

to 

0 

0 

0 

to 

0 

CM 

CM 

to 

ko 


o 

00 
u 
o 

03 


I 


i'  ■ 


■  » 


(101) 


to  :i 

a 

rH  +3 

08  O 
Eh  O 


-P 

a  c 

O  "H 

<D  00 

^  (D 

■P  « 
00 

o 


o 


I 


®  •  V^  4J  S 

bO  00  O  o  ?H 
00 

p«  <D  <D 
(D  ft  J^^ 

>  B  :i 

EH 


C  WD 


CQ 


EH  O 
O 


lO 
1-1 

to 


O 

CO 

o 
ra 


■P  •  O  <D  13  i-l  • 
OOrHn-PCObOcCe 

-PooaJ®®GOO 

o  ^ 
S  » 

(D  0)  I 


(4 


^  +3  o  +3  4J  c; 

-P  a  CO  -P 


EH  O 
O 


-P  I 


00        c  -P 
CO 


03  C5 
O 

a  « 

0)  (D 

^  "P 
Eh  O 
(i.  -P 


<D  -a 

00 

CO  0  o 

>  a  « 


o 

1-4 
bO  « 
C  O 
■H  03 


(0  (D 
a  CO  +3 


to 

C 


3s 


Ph 

<D 

c 

4J 

O  rH 

«aj 

00 

o 

O 

a 

<D 

•P  OQ 

o 

03  — ' 

1 

O 

<D 

<« 

Be 

03  4> 

(D  iH 

• 

<  -H  CO 

a 

+>  Js  O 

o 

CO  O  CO 

1 

CQ-P-— 

a 


a 


UJ 

<J 

vj 

Pj 

LO 

UJ 

^ 

1 

PI 

-  1 

* 

f  ( 

• 

* 

# 

• 

to 

CO 

CO 

CO 

lO 

LO 

lO 

in 

O 

lO 

lO 

C_J 

LO 

lO 

l> 

!> 

O) 

OJ 

o 

CO 

S 

iO 

lO 

o 

o 

00 

o 

o 

o 

o 

• 

• 

• 

■p 

■p 

• 

• 

• 

■p 

-P 

• 

• 

• 

p 

00 

CO 

CO 

00 

lO 

o 

CO 

to 

CO 

CO 

Sh 

CO 

CO 

CO 

CO 

to 

CO 

o 

o 

o 

o 

o 

09 

0} 

CO 

0} 

03 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

LlJ 

UJ 

!>• 

J> 

I> 

^- 

1—1 

1 

1 

r— 1 

t 

r-l 

1— t 

r— 1 

f— 1 

vM 

■ 

CM 

CM 

CM 

(O 

CM 

00 

CD 

00 

00 

CO 

00 

00 

GO 

00 

03 

CM 

CM 

CQ 

CM 

N 

CM 

ID  lO 

00  00 

o 

00 

o 

lO  o 

o  o 

lO  CM 

•  • 

•  • 

• 

• 

• 

• 

•  • 

•  • 

•  • 

•  • 

•  • 

O  CM 

1 — 1  CM 

U3 

PJ 

CO 

u> 

00  CM 

00  O 

CO  CO 

CM  UJ 

CD  iH 

PJ  ^ 

PJ  ^ 

PJ 

PJ 

PJ 

to  CO 

PJ  UJ 

fj 

CD 

to 

CO 

CO  CD 

to  CD 

Pj  CD 

Pj  00 

Vj  00 

(M  CVJ 

CM  CM 

CM 

CM 

CM 

CM 

CM  CM 

CM  CM 

CM  OJ 

CM  CM 

CM  03 

£> 

^- 

J> 

C- 

■— 1  1—4 

,  1 

_j 
1^ 

r— I 

■— 1  I  1 

1  1 1  1 

m  n 

1— 1  •— 1 
n  ■  I 

fO 

O 

to 

CO 

CO 

to 

J) 

CO 

CO 

00 

rH 

rH 

rH 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CO 

CO 

00 

o 

o 

o 

w 

CM 

to 

to 

CO 

to 

LO 

f— 1 

rH 

rH 

iH 

rH 

r-i 

rH 

1 

rH 

 J 

f— 1 

CD 

to 

UJ 

i— \ 

to 

UJ 

rH  tO 

LO  C 

C_J  C_; 

CM  v_/ 

•  • 

•  • 

• 

• 

• 

• 

•  • 

•  • 

•  • 

•  • 

•  • 

rH  OJ 

CO  c*- 

rH 

o 

GO 

/TV   1 

CM  CM 

CO 

 1  /— V 

iH  U 

to  CO 

CM  to 

to 

CO 

to 

CO 

CM  ^ 

CO 

CM  to 

OJ  to 

CO  5l< 

CD  lO 

00  to 

CO 

to 

CM 

^- 

CM  !>- 

CM 

CO  CO 

CO  to 

00  to 

CD  0> 

CO  Oi 

CO 

UJ 

1 — 1  CM 

rH  CM 

<H  CM 

UD  to 

lO  lO 

lO 

lO 

O 

O 

o  o 

o  o 

UJ  UJ 

UJ 

UJ 

CO 

cO  cO 

r-i 

H 

CM 

o 

o 

o 

• 

• 

• 

• 

• 

lO 

to 

lO 

PJ 

PJ 

PJ 

PJ 

PJ 

Pj 

lO 

CM 

tH 

Oi 

c 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

lO 

CO 

to 

to 

to 

to 

to 

to 

CO 

to 

lO 

o 

lO 

to 

o 

O 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

lO 

to 

to 

CO 

to 

CO 

to 

to 

CO 

to 

o 

o 

o 

o 

o 

o 

o 

o 

o 

H 

CM 

to 

o 

rH 

OI 

iH 

CM 

CO 

to 

lO 

lO 

£> 

^- 

Oi 

Oi 

o  o 
o  o 

•  • 

o  o 


o  o 
■p  -p 

03  «Q 
iH  iH 
O  O 

u  u 
-p  -p 

G  G 
3  5 
o  o 


02  = 

C  -P 
CO 

«  -P 
03 

<4-l  O 

o  a 

ra  o 

W  EH 


CQ 


+3 

CO 

-p 
o 

a 
u 

EH 


e 


(102) 


•a 

o 

< 

o 

•H 

•P 

(D 

O 

(d 

o 

0 

•H 

)h  09 

£-•  43 

eo 

O 

m 

(D 

O  T-i 

(30 

Eh 

m 

C  to 

«D 

p  to 

o 

ft 

CO 

> 

1 

lO 

c 

y3 

CM 

> 

o 


(SI 


o 


+3 

©  'O 
,C  GO 
-P  0) 
OB  (tl 

O 

I 


o 


I 


wu  o  O 

00  o 

®  a 

>  <D  ^3 


o 


<  Eh  -P  O  -H 


o 


to 

CO 

to 


o 
■p 

00 

o 

03 


00 
O 

I 

c: 
■p 


O  0)  TD       T-i  • 

c  -p  CO  to  CD  a 

00  <D  (D  C  O  O 

>  g  Cd  -H  03  I 


+5  a  CO  -p 


I  O  ©  "O 

r-i  C  -P  CO  bO  00 

GO  OB  ©  ©  C  O 

O  >  a  «  01 


3. 


I 

c 

©  I 

■P  o 
o  ^ 

Pli  -P 


©  I 

-P  +3 
©  © 


.5- 


a 

43 

• 

•H 

O 

c© 

O 

04 

rf-i 

• 

o 

00 

a 

«• 

•p 

o 

o 

r-1 

m 

:  n 

1 

© 

«• 

© 

CO  © 

a 

©  rH 

• 

•H 

1 

•H  OJ 

a 

Eh 

^  O 

o 

CO 

0)  0) 

1 

O 

« -p  — 

© 
■p 

<M 

© 

o 

© 


© 

a 


•H 

m 

m 


o 

• 

CO 

to 

in 

lO 

o 

r-i 

03 

lo 

CO 

CO 

CO 

• 

J! 

• 

o 

CD 

00 

CO 

00 

-p 

01 

01 

03 

03 

00 

CO 

CO 

00 

00 

«o 

CO 

CO 

CO 

fH 

I-I 

1-1 

i-i 

"sf 

CO 

^- 

• 

• 

• 

• 

O 

o 

o 

o 

lO 

to 

lO 

to 

lO 

lO  Ol 

o 

to 

lO  o 

•  • 

•  • 

• 

• 

•  • 

05  O 

o 

o 

01  ^ 

01  ^J* 

CO 

03  CO 

o  to 

O  lO 

o 

to 

O  lO 

CO  CO 

CO  CO 

CO 

CO 

CO  CO 

o  o 

o  o 

o 

o 

o  o 

Oi  01 

03  01 

OJ 

03 

03  03 

o 

to 

lO 

CO 

CO 

CO 

CO 

• 

# 

# 

to 

to 

to 

to 

CO 

CO 

CO 

CO 

to  o 

CO  to 

to 

CO 

lO  to 

•  • 

•  • 

• 

• 

•  • 

Oi  o 

01 

to 

03  lO 

OJ  ^ 

03  CO 

03 

CO 

03  to 

to  00 

to  CO 

to 

00 

to  CO 

o  o 

o  o 

o 

o 

O  O 

£> 

Ol  01 

03  01 

Ol 

03 

OJ  03 

to 

01 

03 

t-i 

• 

• 

• 

• 

to 

to 

CO 

to 

to 

CO 

Ol 

03 

to 

CO 

CO 

CO 

r— ) 

• 

• 

• 

• 

lO 

CO 

to 

to 

lO 

lO 

lO 

lO 

o 

iH 

01 

(0 

o 

o 

1 

o 

a 


00 

o 

O 

I-i 

%• 

OS 

CO 

03 

«• 

© 

u 

a 

© 

•H 

EH 

i 

© 

o 

> 

o 

© 

IS 

tsi 

o 

o 

to 

to 

r-i 

H 

• 

• 

CO 

CO 

lO 

lO 

O 

to 

O 

CO 

01 

to 

o 

• 

• 

• 

o 

Oi 

05 

O) 

4-5 

00 

01 

CM 

03 

03 

u 

U 

o 

o 

CO 

m 

00 

00 

CO 

CO 

CO 

CO 

i-» 

r-i 

r-i 

■O 

• 

• 

• 

o 

o 

o 

lO 

to 

lO 

O  lO 

rn 

VJL/ 

CO  O 

•  • 

• 

• 

•  • 

I>  00 

o 

CO 

O  03 

03  CO 

CO 

CO 

o  to 

01 

Oi 

CO  CO 

CO 

CO  CO 

o  o 

o 

O 

O  O 

03  03 

03 

03 

03  01 

O 

03 

CO 

CO 

CD 

CO 

CO 

to 

CO 

o  to 

CO 

Ol 

O  Ol 

•  • 

• 

• 

•  • 

Oi  o 

CO 

05 

Ol 

03  ^ 

03 

to 

03  CO 

fH  CO 

r-i 

CO 

r-i  CO 

o  o 

O 

o 

O  O 

Ol  03 

03 

03 

03  03 

to  to 

CO 

to 

to  CO 

00 

CO 

• 

• 

• 

to 

to 

to 

to 

CO 

to 

CO 

I> 

CO 

10 

to 

CO 

CO 

CO 

o 

o 

o 

• 

• 

• 

CO 

CO 

to 

o 

o 

o 

03 

to 

o 

o 

o 

o 

1  I 


I  I 


I  I 


I  1 


(103) 


X3 

to  ^ 
c 

r-l  +5 

05  O 
Eh  O 


(D 

O  Ti 

-p  -a 

(U  05 
£  <D 

OS 
O 

I 

<D  CO 


o 


I 


CO  ®  o  (u  < 

ft 
<D  g  O 
>  <»  Jh 

-P 


G  O 
G  bOO 
O 

O  •H 


o 


-p  I 


i 

o 


o 


o 
cs 
o 

01 


OOrHC+^eOtiOCOO 
-P  CO  CD  (»  Q>  CJ  C  I 

03  c5  >  6  ct;  .H  TO 

o  --^ 


-p  a  CO  4J 


31 


EhO 

o 


4J  I 

GO  rH 
■P  00 

m  O 
o 

fi  « 

0)  (D 
A  -P 
Eh  O 


c  -p  00  tio  oj  a 

00  0)  <D  C  O  O 


P4 

I    <D  i  to 

•H  0)  <D  "H 

•P  a  CO  -P 


<9 


c 

O  <D 
CS 

m  CO 


i  00 

00  (1>  CQ 

pq  +j  ^ 


4) 
O 

PQ 


a 

o 
I 


I 


o 

o  , 

CO 

• 

• 

o 

o 

o 

CO 

to 

to 

CD 

CO 

GO 

CO 

CO 

CO 

H 

r-l 

iH 

00 

00 

• 

• 

• 

o 

o 

o 

LO 

to 

lO  o 

O  lO 

OJ  lO 

•  • 

•  • 

•  • 

to  ^- 

CVJ 

^  CO 

CO  ^ 

CO 

CO  ^ 

CVJ  J> 

CVJ 

CO  CO 

CO  CO 

CO  CO 

O  O 

o  o 

o  o 

CVJ  CVJ 

CvJ  CVJ 

Cvl  CVJ 

iH 

00 

t> 

• 

CO 

'O 

CO 

00 

00 

00 

to  lO 

LO  (O 

to  CVJ 

•  • 

•  • 

•  • 

to  01 

lO  GO 

to  -"I* 

CO 

CO 

CO  CO 

CO  00 

to  00 

lO  to 

lO  to 

to  to 

CO  CO 

CO  CO 

CO  CO 

CO  to 

CO  to 

CO  CO 

CVJ 

CVJ 

CO 

• 

• 

• 

QD 

CO 

00 

CO 

to 

to 

OJ 

CvJ 

to 

• 

• 

CO 

CO 

00 

CO 

CO 

to 

o 

o 

o 

• 

• 

• 

CO 

00 

00 

CO 

to 

*0 

LO 

lO 

o 

r-l 

lO 

o 

o 

to 

lO 

to 

r-i 

r-l 

r-l 

• 

• 

• 

• 

cO 

0 

CO 

CO 

CO 

lO 

CO 

to 

to 

to 

lO 

•« 

o 

lO 

to 

«« 

•  • 

o 

lO 

to 

iJ 

CO 

lO 

CO 

o 

o 

cvl 

CVJ 

OJ 

o 

05 

05 

o 

• 

OS 

CO 

1-4 

r-l 

00 

05 

r-i 

GO 

(h 

CO 

to 

CO 

u 

CO 

to 

CO 

u 

o 

o 

o 

o 

O 

m 

in 

03 

m 

00 

CD 

CO 

00 

cn 

CO 

•o 

CO 

CO 

CO 

CO 

r-l 

r-l 

1— 1 

r-l 

r-l 

CO 

CO 

to 

OJ 

OJ 

OJ 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

lO 

to 

to 

to 

lO 

to 

to  to 

to  to 

^  00 

to 

o 

CM 

to 

•  • 

•  • 

•  • 

• 

• 

• 

• 

•  • 

CO  CO 

CO  O 

00 

o 

05 

OJ 

00  r-l 

to 

to 

LO 

CVJ 

OJ  l> 

03  I> 

o 

to 

o 

to 

O  to 

cO  CO 

CO  cO 

co  CO 

CO 

CO 

CO 

CO 

CO  CO 

o  o 

o  o 

o  o 

o 

o 

o 

o 

O  O 

Cvl  CVJ 

ro  Cvi 

(M  CV) 

CVI 

CVJ 

CO 

CO 

CO  CO 

05 

CO 

CO 

OJ 

OJ 

CVJ 

o 

o 

o 

• 

• 

• 

• 

Oi 

r-l 

r-l 

r-l 

to  lO 

lO  Oi 

to  to 

to 

OJ 

OJ 

o 

lO  o 

•  • 

•  • 

•  • 

• 

• 

• 

• 

•  • 

to  CO 

lO  00 

05 

OJ 

o 

OJ 

o  to 

to  -St* 

CO 

to 

CO 

to 

to 

to 

CVJ 

!>  CVJ 

t>  OJ 

iH 

CO 

r-i 

CO 

r-l  CO 

CM  CO 

CVJ  to 

OJ  CO 

r-l 

r-l 

r-i 

r-l 

r-l  r-l 

r-i  fi 

r-i  r-i 

r-l  iH 

CO 

to 

CO 

CO 

CO  CO 

to 

00 

o 

00 

• 

• 

• 

• 

• 

• 

CO 

CO 

CO 

t-i 

01 

r-l 

to 

CO 

to 

<^ 

lO 

00 

CVJ 

cn 

• 

• 

• 

• 

• 

• 

00 

00 

CO 

r-l 

rH 

to 

to 

to 

"St* 

lO 

to 

lO 

o 

lO 

o 

• 

• 

• 

• 

• 

CO 

CO 

00 

t-i 

r-i 

CVJ 

to 

to 

to 

o 

o 

o 

o 

o 

o 

CVJ 

to 

r-l 

OJ 

to 

i 
1 

1 

r 

CO 

:o 

so 

i 


€ 


(104) 


-a 

to 

r-i  +> 

CO  O 

EH  O 


ft 

-p 

o  c 

-P  "H  • 

0)  S 
,Cl  05  O 
-P  <D  --^ 

<B  « 

O 

i  I 

(D  00       -P  S 

bO  p<  o  o  t< 


CO  ® 

<D  B  u 

>  <D  :i 

<;  Eh  -P 


n  o 

O  c 


o 


4^ 
O 
•P 
as 
h 
O 

09 


0 


I    Pi  I  0) 

I    O  ©  r-l  • 

1-1  c  -P  CO  ^  05  6 

CD  CO  Q  0)  c:  O  O 

C!5  >  a  K  -H  CO  I 


I 

C 

0>  I 
+J  o 
O  -H 
P4  -P 


3^ 


-P  -P  C 
a  CO  4J 


o 

EhO 


I    O  <D  "O       rH  • 

eH  C  -P  CO  tiO  05  B 
05  00  «>  (U  £7  O  O 


I 

■P  O  +3  -P  C 
O  -H  <D  QJ  "H 
"P  g  CO  43 


5. 


+3 

c 

O  (D  • 

00  o 

4J  O  I 

m  <n 

•  -H  CO  e 

+i  O  O 

CO  (U  CO  I 
W  -P^ 


4> 


h 
9 
■P 

<«; 

a> 
u 
o 


•H 

CO 


o 

to 

• 

CM 

CO 


00 

to 
H 


o 

lO 


CO  o 
•  • 

05  CM 
to  lO 


O  lO 

sO  CO 

o  o 

OJ  01 


O  CO 
to  lO 


O  lO 

o  o 

to  LO 


00 


CO 

l-l 


03 

o 
to 


to 


lO 

1-1 

lO 
• 

CVJ 
CO 


CO 

to 


lO 

o 

lO 


o 
«o 

CVJ 

to 


CO 
CO 


o 

lO 


to  o 

•  • 

lO  o> 
to 


O  lO 

to  to 
o  o 

CVJ  CVJ 


o 


O  lO 
•  • 

rH  CVJ 
lO 


o  to 

o  o 


O  CO 
•  • 

CO  01 
to  '"iii 


O  lO 

to  to 
o  o 

CVJ  CVJ 


to 


1-1  •si* 

•  • 

00  to 
CO 


o  to 

o  o 

rH 

lO  lO,lO  lO 

I 


to 


CVJ 


o 
o 


1-1 


o 

CVJ 


(0 


00 

o 

CO 

«« 

rH 

o 

r-l 

CO 

CVJ 

•  « 

Pi 

<D 

•H 

Eh 

O 

> 

o 

<D 

CO 

lO 

to 

'St* 

rH 

iH 

• 

• 

to 

to 

lO 

lO 

o 

to 

O 

«• 

10 

CO 

Xi 

o 

CVJ 

Cvi 

CVJ 

O 

• 

• 

• 

4^ 

CD 

CO 

to 

to 

CO 

CO 

CO 

CO 

U 

O 

o 

n 

00 

00 

00 

to 

to 

CO 

rH 

iH 

rH 

00 

o 

o 

00 

00 

• 

• 

• 

O 

o 

o 

LO 

lO 

to 

CO  00 

to  00 

o  o 

•  • 

0  • 

•  • 

CO  0> 

to 

CO  ""i^ 

CO  '^l* 

CVJ 

CVJ 

CVJ  t> 

tO  to 

■O  CO 

to  CO 

o  o 

o  o 

o  o 

CVJ  CVJ 

CVJ  CVJ 

OJ  OJ 

o 

o 

to 

• 

• 

• 

CVJ 

CVJ 

CVJ 

rH 

rH 

rH 

CO  o 

Oi  o 

to  CO 

•  • 

•  • 

•  • 

lO  rl* 

CO  CO 

^  OJ 

CO 

CO 

CO  ^ 

00  CO 

00  to 

00  to 

00 

CO 

£>  CO 

LO  lO 

lO  lO 

to  to 

lO  lO 

lO  to 

to  to 

Oi 

to 

to 

• 

• 

• 

iH 

rH 

iH 

00 

• 

• 

lO 

CVJ 

iH 

• 

rH 

to 

o 

lO 

• 

« 

• 

CVJ 

CVJ 

rH 

lO 

lO 

lO 

o 

iH 

OJ 

o 

O 

o 

1 

II 


(105) 


lO 

00 

Eh 


JCJ  00  O 

+3    ©  ^  

CO 
o 


4)   I  <i_,  +3 

JjO  05  O  O 
CO  Fh 

i:^  <D  a> 

>  S  ?J 


6 

G  • 

O  GO 


®  4J  O  -H 


+3  • 

CO  fH 
•P  00 
03  C!5 
O 


EH  O 
O 


©  -a 


a 
© 

Xi 

Eh 


© 

C 

•P 
G 
O 

O  = 


I 

C 
© 

o 


© 
-p 
© 
S 


I 

© 
CO 


0)  ^ 

bo  00  e 

GOO 
H  00  • 


C 


+3  I 

00  H 
■P  (S 

03  C5 
O 

^  c 
©  © 
Xi  -P 
Eh  O 

P4 


© 


Eh  O 
O 


I   h  i 

o  ©  -c 

C  -P  CO  to  03 
00  ©  ©  G  o 


I  ©  I  bO 

O  4^  -P  G 
•H  ©  ©  .H 
-P  a  CO  +3 


■p 

© 

in 

ft 

o 

< 

le 

• 

a 

© 

+j 

00 

o 

CD 

o 

1 

O 

© 

m 

Be 

I 


m  Q)  — 
©  iH  • 

«  -H  CO  a 

4J  ?H  O  O 

go  ©  03 
PQ  +3  ^ 


© 

a 


m 


o 

lO 

, — 1 

f-l 

cO 

to 

lO 

in 

in 

lO 

lO 

ii 

^• 

CO 

03 

0> 

o 

o 

o 

to 

lO 

o 

o 

o 

o 

O 

■p 

• 

• 

• 

-p 

+3 

• 

• 

• 

+3 

00 

to 

to 

to 

00 

CO 

CO 

00 

H 

I.  J 

p. 
M 

to 

t> 

\J 

n 

m 

03 

m 

m 

UJ 

(TO 

uu 

to 

to 

to 

to 

CO 

CO 

_j 
r~i 

o 

00 

00 

CO 

00 

!>. 

# 

# 

9 

o 

lO 

LO 

lO 

lO 

05  to 

o  o 

lO  lO 

~ 

J>-  CJi 

C"  J 

(O 

NT 

OJ 

OJ  t*- 

02 

J> 

OJ  t~ 

OJ 

yj 

'4J  ^ 

CL> 

-U  cy 

CiJ 

o 

Q 

^  ' 

o 

— '  ^ — ^ 

f\J 

ro  ro 

o> 

to 

lO 

lO 

lO 

to 

CO 

to 

lO 

to 

, — 1 

to 

to 

to 

LO 

LO 

lO 

r-( 

r-i 

pH 

tH 

rH 

o 

O  00 

o 

o 

02  to 

to 

O 

to  to 

lO  CVI 

UJ 

u 

to 

r-i 

CO 

rH 

£>  CVJ 

OJ 

t>  03 

CO 

I> 

CO  I> 

CD 

^  lQ 

lO 

^  to 

/~> 

V  ' 

(~\ 

w 

tr^  L 

w 

CO 

•o 

fO 

fO 

to 

fO  fO 
w  yj 

CO 

CO 

lO 

lO 

• 

# 

# 

1  1 

CO 

CO 

CO 

lO 

to 

i 

_J 
rn 

1  1 

' — ' 

lO 

lO 

lO 

• 

• 

• 

• 

• 

CVJ 

rH 

iH 

rH 

tH 

o 

o 

o 

lO  jiO 

«o 

lO 

o 

lO 

O 

rH 

pH 

CVJ 

to 

to 

si* 

o  o 


G 

& 

O 
C 

w 


OJ 

o 
o 

-H 


o 

4-> 

03 
iH 

O 

4J 

G 
O 
o 


to  = 


4J 

00 
4J 
03 
O 

a 
© 

Eh 


to 

O 
O 

-H 


o 
-p 

03 
rH 
O 
$H 
4J 

G 
O 
O 


•P 

00 

■p 

OQ 

O 

a 

© 

EH 


il 


(106) 


CD 

to 

0) 
r-i 

GO 


o 


■p 
a> 
o 

CD 

o 
o 

fH  ^ 
•H  08 

Eh  O 

O 

• 

!^  § 
B 

•H 

03  O 

u 
o 
p< 

> 
I 


5l« 

a 


00 


CO 

o 
o 

05 


CM 

(D 
> 
O 


o 

ISI 


<D 
-P 

0  CO 
S 

O  -H  • 

(D  03  O 
^  <D^ 

p 
CO 

O 

I 

<D  00  «H  P 
bO      O  O 
CD  0) 
}h  ft  0) 

®  S  ^ 
>  <D  :i 


i 


O  GO 

<;  e-i  p  o  •H  — ^ 


r 


o 


O 


o 
p 

(S 

o 
n 


i 


p 

00  iH  G 

P  CO  CO 

CO  ci)  > 
o 

e  I 

^  c 

(D  <D  I 

4:1  P  O 

E-i  O  ^ 
ft,  4J 


® 
CO 


^  > 

p  c3  tjo  o  E 

®  <D  C  03  O 


<D  I 
P  P 

S  CO  P 


EH  e 


Eh  O 
O 


<0 


I 


P 
CO  iH 
P  00 
03  CD 
O 

a  I 

^  P 
EH  O 


O  ®  efl  • 

G  p  00  tiO  o  a 

00  (D  <D  G  n  O 


P  P 

a  CO  p 


G 


•P 

•H 

O 

p  05  a 

moo 
(]>  n  I 


03  0) 
4)  iH 
i  tH  00 
P  O 
00  0} 
CQ  P  ^ 


(D 
P 

< 

O 

<x> 
PQ 


U 

OJ 

CM 

i 

iH 

• 

CO 

• 

CO 

ii) 

UJ 

to 

0 

0 

•« 

LO 

0 

0 

CO 

CT> 

0 

0 

0 

0 

iH 

iH 

• 

• 

• 

P 

p 

• 

• 

• 

GO 

03 

CO 

CO 

CO 

LVZ 

OJ 

(h 

CM 

02 

OJ 

0 

0 

0} 

03 

OJ 

02 

OJ 

02 

OJ 

IT" 

«H 

1-1 

r-i 

rH 

tH 

tH 

10 

<Ti 

IT* 

if) 

10 

lO 

10 

10 

in 

00 

00 

CO 

CO 

00 

00 

10 

LO 

10 

10 

to 

lO  0 

to  0 

CO 

0 

00 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

N^i  CD 

CO 

LO 

l> 

00 

£>• 

CO 

OJ 

CO 

CO 

CO 

OJ 

l>  01 

00 

CO 

CO 

CO 

CO 

to 

0 

Oi 

0 

C3> 

0 

to 

CO 

to  -"^ 

CO 

to 

CO 

Cv2  CM 

cv? 

03 

OJ  00 

CM 

OJ 

CM 

OJ 

CM 

OJ 

PJ 

to 

CO 

cO 

to 

• 

• 

• 

• 

• 

0 

0 

0 

r-l 

rH 

i> 

00 

CO 

00 

IfJ  UJ 

Ot 

lO  to 

Qoito 

0 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

to 

CU 

OJ  CO 

CO  to 

CO 

UJ 

CO 

CO 

CO 

CO  -"i^ 

CO 

"^jCO 

VO 

r-i 

iH 

'.0 

CO 

1 

rHlcO 

CO 

r-t 

i 

■ 

rH  0 

1 

r-1 

1 

Oi 

o> 

(.VJ  CVJ 

CO 

CO 

CO 

to 

to 

CO 

• 

• 

• 

• 

• 

• 

iH 

fH 

fH 

tH 

CU 

• 

• 

• 

• 

• 

• 

1— 1 

rH 

tH 

tH 

to 

LO 

to 

LO 

• 

• 

• 

• 

• 

• 

r-l 

iH 

iH 

iH 

0 

0 

LO 

LO 

10 

0 

02 

10 

iH 

0 

0 

lo 

1 

iH 

02 

OJ 

o 

OJ 
fH 
• 

CO 
lO 

o 

6)  I 


1 


(107) 


ID 
CO  <o 
to  ^3 

G 

x>  a 

00  o 
En  o 


Pi 
« 

-P 
o 

o  c-- 

-c;  CO  o 

■P  <D  — ' 
CO  (Xi 

o 


I 


bO  ec  o  o 
00  ^ 
^  d)  0} 

>  S  ;^ 

Eh 


C  O 


s 


-P  • 

QC  iH 
-P  03 

CO  ei 
o 

S  t 

(D  <D 
^  -P 

E-1  O 


B 
c 

CO 


,£5 
o 

03 
U 

o 
m 


EH  O 
o 


O  <D 

C  -P  OB  fci)  CD  a 

CO  <D  ^  C  O  O 

>  a    -H  TO  I 


Pn 

-p  -p 

a  +5 


to 


-P  « 

BJ  r-i 
■P  CO 

03  C5 

o 

a  • 

<D  <D 

Xi  -P 
Eh  O 

a* 


o 
c 

I    Pi  I  D  • 

O  0)  -O  r-1  a 
C  -P  CD  bO  CD  O 

OS  ©  <D  C  O  I 

>  a  pc;  «H  01 


I  ©  I 

•H  ©  © 

■p  a  CO  -p 


■p 

•H 

o 

{1h  © 
■P  OD  • 

03  o  a 

©    OQ  O 


03  ©  > 

©  fH  • 

•  -H  CD  a 

■P  Pi  O  O 

OD  ©   OQ  I 

fQ  -P 


p^ 

© 

© 
P4 

o 
© 


I 

6H 


lO 

a 
to 


CM 


CO 

• 

CO 
LO 


•  • 

to  CO 
to 


CO  to 
\a>  o 
to 

OJ  CM 
CM 


CO 


00  CO 

to  to 


H 

lo 

CM 


o 

CM 


o 
o 


CO 


o 

lO 

o 

o 

.  i 

1 

• 

• 

• 

• 

• 

CO 

CO 

to 

CO 

CO 

u  J 

U  J 

uj 

lO 

o 

lO 

in 

o 

«• 

•  « 

o 

o 

o 

00 

a 

o 

m 

CO 

Xi 

to 

o 

O 

to 

to 

o 

in 

in 

in 

o 

•  1 

• 

+3 

■P 

• 

• 

• 

• 

• 

* 

4-> 

00 

CO 

CO 

00 

<j> 

Ol 

01 

CO 

CM  'CM 

p-< 

1  ^ 

CM 

CM 

CM 

p-< 

Pi 

CM 

CM 

CM 

p^ 

o 

o 

o 

o 

! 

1 

n 

1  ^ 

03 

m 

n 

i 

CM 

i 
1 

Cm 

vM 

CM 

CM 

1 

Is. 

i. 

rs. 
w 

L 

L 

i 

rH 

rH 

iH 

rH 

rH 

rH 

H 

1 

o>  jo 

/— » 

^ — / 

f^ 

CO 

lO  CO 

} 

LO 

in 

CO 

in 

lO 

in 

i 
1 

• 

00 

00 

CO 

CO 

00 

tt) 

I 

f  ^ 

in 

in 

Ixj 

in 

t 

O  0*0  CO 

LO  ^ 

CJ  C^J 

o  o 

LO 

to 

ino 

•  •! 

•  • 

•  • 

•  • 

•  • 

1  •  • 

• 

• 

♦  • 

CM  00  CM  CO 

O  CO 

CO 

|0  CM 

to  ^  to 

i 

^  LO 

to  in 

to 

in 

to 

in 

CO  in 

00  toyD  to 

i 

CO  to 

00  CO 

00  to 

00  to 

OD 

to 

CO  to 

01  O'Ol  o 

Oi  o 

o>  o 

01  o 

Ol 

o 

01  o 

CO  -^'tO 

CO 

CO 

CO  ^ 

to  ^ 

CO 

CO 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM 

CM 

CM  CM 

r-1 

CM 

m 

LU 

w 

! 

CM 

r-1 

H 

o 

O 

iH 

• 

• 

• 

• 

• 

• 

rH 

O 

rH 

iH 

CM 

CM 

O 

o 

O 

iH 

iH 

iH 

iH 

(H 

rH 

iH 

iH 

H 

o  to 

CO  to 

t 

lO  lO 

to  CO 

LO  to 

in 

to 

CM 

to  in 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 

• 

•  • 

00  00 

CO  0> 

1       1  ^ 

uj  113 

CM  C_/ 

O  CM 

r^ 

CO  00 

CO 

to 

1 

to 

to 

to 

Ln 

to 

to  ^ 

fH  'sO 

t 

LO  o 

t> 

CM  !>- 

lo  in 

LO  lO 

( 

O  iH 

O  iH 

O  iH 

to  ^ 

to 

CO 

CO  CO 

00  00 

00  CO 

00  00 

UJ 

00 

CO  00 

to  to 

to  CO 

t 

CO 

CO 

to 

to 

O 

00 

LO 

• 

• 

• 

• 

fH 

H 

to 

to 

CO 

CM 

CM 

CM 

CO 

to 

CO 

CO 

in 

• 

• 

• 

• 

• 

• 

# 

• 

fH 

rH 

to 

CO 

to 

CM 

CM 

CM 

in 

in 

in 

o 

O 

O 

in 

• 

• 

• 

• 

• 

• 

• 

• 

H 

rH 

to 

CO 

to 

to 

to 

CM 

i 

O 

O 

o 

o 

o 

o 

o 

O 

rH 

CM 

to 

in 

o 

rH 

CM 

CO 

o> 

0> 

01 

rH 

rH 

r-i 

1 

fH 

iH 

H 

(108) 


T3 
CO  <D 
10  ^ 

©  -H 

43  C 
OB  O 
Eh  O 


•P 

<D 

o 

,CJ  CD  O 

CO  K 
O 


1 

1 

CB  "Vh  +3 

a 

O 

SO 

<D 

o 

ft  <D 

c 

• 

S  ^ 

tay  u 

> 

®  !:5 

o 

CO 

<  &H  -P 

o 

- — ^ 

• 

Eh  O 

O 

1 

U 

1 

1  o 

0) 

'O 

08  W 

CO  00 

® 

<D  C 

C5  > 

S 

K  1-i 

i 

a 

O  i 

I  tsO 

POP 

O 

©  "H 

4J 

a 

CO  -P 

EH  O 

O 

r 

u 

1 

1  o 

XJ 

iH  C  P 

CO  bO 

00  00 

<D  C 

e  > 

a 

K  «H 

1 

c 

<D  1 

1  bO 

+5  O 

p 

O  -H 

Ph  P 

a 

W  P 

o 


CO 
lO 


o 

oc 
o 

0) 


l-«  • 

00  a 

o  o 


© 

CO 
O 


P 

C 
•H 

O 

©  — 

p  (c  a 

ro  o  o 
©  n  I 


m  ©  • 

<D  <H  a 

I  -H  CO  O 

+3  Jh  O  I 
OS  ©  CO 

PQ  +0 


© 
p> 

© 

u 

O 

© 

CQ 


S 


•H 

m 


U3 

O 

O 

o> 

O 

CO 

• 

• 

• 

o 

o 

o 

CVJ 

CM 

CM 

f—{ 

lO 

Oi 

00 

U  J 

00 

00 

CO 

IjQ 

LO 

lO  o 

o  ^ 

LO  to 

•  • 

•  • 

•  • 

o  o 

to  o 

lO  <H 

to  in 

to  lO 

m 

Gi  O 

0>  O 

CJ>  o 

to  ^ 

to 

CM  01 

CM  CM 

CM  CM 

Oi 

r-l 

to 

H 

H 

A 

OJ 

CM 

CM 

iH 

r-l 

r-l 

CM 

CO  CO 

to  lO 

to  ^ 

to  ^ 

O  lO 

O  LO 

O  lO 

05  o; 

0>  C7> 

CM  CM 

CM  CM 

CM  CM 

lO  LO 

lO  LO 

o 

CM 

to 

r. 

lO 

to 

CM 

to 

• 

• 

• 

lO 

to 

to 

o 

o 

o 

to 

to 

to 

) 

r 

lO 

lO 

lO 

to 

1»« 

lO 

CM 

CM 

CM 

r-i 

r-l 

r-l 

o 

CM 


to 

lO 


O 

+> 

GO 

o 
n 


o 

lO 

o 

CO 

CO 

o 

O 

o 

fH 

• 

• 

• 

r-i 

r-l 

r-l 

CO 

CM 

CM 

CM 

t> 

r-l 

rH 

o 

lO 

CD 

lO 

• 

• 

• 

GO 

CO 

CO 

lO 

lO 

lO 

lO  o 

CM 

o 

LO 

o 

• 

• 

• 

• 

00  to 

to 

CO 

O 

o 

to  LO 

CO 

LO 

CO 

00 

fO 

Oi  o 

05 

o 

05 

o 

to  ^ 

CO 

>• 

CO 

CM  CM 

CM 

CM 

CM 

CM 

t> 

CM 

CM 

• 

• 

• 

rH 

rH 

to 

to 

to 

rH 

r-l 

t-i 

^  O 

lO 

o 

LO 

o 

• 

• 

• 

• 

o 

to  ^ 

LO 

lO 

to  CO 

CO 

00 

to 

00 

c- 

lO  lO 

LO 

lO 

lO 

to 

CM 

o 

0 

to 

CO 

to 

to 

o 

• 

• 

• 

to 

to 

to 

lO 

LO 

o 

o 

• 

• 

to 

to 

CO 

LO 

lO 

LO 

r-l 

CM 

to 

r-l 

tH 

o 
to 

iH 
• 

CO 
lO 


o 
p 

CO 

o 

03 


o 

o 

LO 

CO 

CO 

CO 

CO 

CO 

CO 

• 

• 

• 

r-l 

r-i 

r-l 

to 

CO 

CO 

CM 

CM 

CM 

t> 

£> 

r-l 

rH 

r— 1 

rH 

to 

^ 

lO 

lO 

LO 

• 

• 

# 

CO 

00 

00 

LO 

lO 

lO 

O  O 

O  £> 

to  rH 

•  • 

•  • 

•  • 

t>-rH 

to  to 

O  00 

to  to 

CO  Tjl 

CO 

LO  O 

LO  O 

to  o 

05  O 

O)  o 

a>  o 

CO  -"i* 

CO  ^ 

CO 

CM  CM 

CM  CM 

CM  CM 

CQ 

CM 

CM 

to 

CO 

to 

• 

• 

• 

rH 

iH 

iH 

rH 

iH 

rH 

CO  to 

O  lO 

lO  O 

•  • 

•  • 

•  • 

O  CJ5 

O  05 

c  o 

<^  ^ 

^  LO 

DO  to 

CO  CO 

00  CO 

-ii*  to 

lO 

lO 

M  CM 

CM  CM 

CM  CM 

CO  CO 

CO  CO 

CO  CO 

to 

CO 

• 

• 

CO 

• 

• 

• 

lO 

LO 

to 

• 

• 

• 

o 

o 

o 

lO 

o 

rH 

lO 

CO 

CD 

rH 

M 

rH 

CM 


CO 
to 


o 
kp 

OS 

o 
m 


I  • 


■I 


CO  73 
to  © 

-a 


o 

Eh 


u 

O 

-P 
® 

O  C 

(D  73 

^  CO 

CO  K 

O 

I 


o 


I 


<D  00  «Vh  +3  S 

bO      O  O 
00  (D 

ft  ©  C  O 

©  S  ^  C  bOO 

>  ©  p  O  c  — 

<  EH  -P  O  -H 


PQ 


1+3 
CO 

u 
o 
n 


O 
CM 


to 


o 

CO 

o 


I 


+3 
CO  rH 
-P  CO 

03  ti 

o 


u  • 

© 

•p  00 

©  © 

S  K 


© 

550  00 
C  O 


s 

© 

EH 


I 

c 

©  I 

+3  O 
O 

(U  43 


I 

-p 

©  •H 

CO  P 


Eh  O 

o 


43 

CO 

p 
in 
o 
S 

© 

E^ 


I 

O 

C  -P 
CO  © 


© 


00  bO  CO 
©CO 

s  (e;  -H  CO 


I 

c 

©  I 

P  o 

O  <rA 
Oh  +3 


©  I 

P  P 
©  © 

e  CO  p 


tiO 
C 


+3 

o 

Ph  © 

• 

4>  CO 

03  O 

©  03 


a 

o 
I 


© 
P 

<; 
© 

O 

© 


©  rM  • 

I  "H  CO  S 

Jh  O  O 
00  ©  03 

CQ  P  ^ 


I 


I 


hH 
03 


CM 

iH 

• 

CO 

lO 

lO 

O 

r-i 

CM 

o 

to 

to 

to 

• 

• 

« 

CO 

03 

CM 

CM 

)h 

to 

to 

to 

O 

03 

CM 

CVJ 

CM 

r-H 

rH 

rH 

CO 

Oi 

O 

m 

CD 

• 

• 

• 

00 

00 

CO 

lO 

lO 

lO 

to 

CO 

O 

o 

CM 

CO 

• 

• 

• 

• 

• 

• 

lO 

o 

o 

'St* 

00 

to 

lO 

to 

lO 

to 

CO 

to 

00 

to 

CO 

to 

0) 

o 

05 

o 

Oi 

o 

to 

to 

to 

Cm 

CM 

CVi 

CVJ 

CM 

CVJ 

O 

rH 

01 

CO 

CO 

m 

• 

• 

• 

u3 

uj 

to 

lO 

lO 

rH 

rH 

lO 

o 

to 

• 

• 

• 

• 

• 

o 

00 

CO 

CO 

(H 

Oi 

to 

"«*» 

<^ 

CO 

rH 

CO 

rH 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

Oi 

OJ 

Oi 

Oi 

Oi 

CJi 

CO 

CO 

CO 

CO 

CO 

CO 

Oi 

CO 

• 

• 

• 

to 

to 

(0 

•"St* 

o 

Oi 

CJi 

• 

• 

• 

to 

to 

o 

o 

o 

• 

• 

• 

'St* 

o 

o 

O 

o 

pH 

CM 

00 

GO 

00 

rH 

H 

H 

1 

I  1 


(110) 


•D 

•H 

O 

< 

o 

•H 

-P 

O 

CO 

o 

• 

t , 
M 

M 

o 

• 

ft 

00  lO 

•H  U 

Ti<  CM 

U  CO 

Oi 

Eh  ^ 

iH  i-l 

to 

O 

U  W 

i« 

O  M 

rH 

r-i 

^ 

a 

CO 

-p  s 

© 

EH 

•H  a 

EH 

03 

S 

c  to 

<D  O 

(D  O 

O  Jh 

Q  to 

«  <D 

o  tsi 

O 

ft 

00 

> 

1 

(D 

a  bo 

o  c 

• 

S 

<e  -a 

o 

S 

CD  (H 

O 

1 

bO  CO  o  o  ^ 
u  ^  ^ 


to 


CO 
to 


o 

OS 

u 
o 


c  • 

o  CO 


<;  <D  4J  O 
Eh 


E® 


I 


(D 


•  t4  » 

o  ®  -a 

00  CD  4>  (D  bO  O 

>  a  K  c;  ra 


CO 


I 

Q>  I  «  I  bO 
+J  O  +>  -p  c 
O  "H  <D  <D  "H 
P^+>  a  W  +3 


Eh  O 
O 


I  O  0)  13      iH  • 

r-l  C  -P  CO  bO  05  S 

00  00  <D  ©  C  O  O 

CD  >  a  K  -H  03  I 


©  I  (D  I 
43  O  -P 

O  •H  ©  ©  "H 

4:>  6  CO  4^) 


bO 
C 


-P 
C 
•H 
O 

r-i  • 

+3  (0  a 

TO  O  O 

©  <n  I 


OJ  ©  ■ 

©  1-1  • 

I  «H  oj  a 

4^  U  t>  O 

00  ©  BQ  I 


h 
O 
-P 

<; 
© 

o 

<i-i' 

©! 


lO 

CM 
OJ 


to 


to 
to 

• 

lO 

to 


lo 


lO 


iH  to 

to 


to  00 

to 

CM  CM 

CO 

o 

[CO 


CO 
•  • 

to  lO 


O  lO 
CO 
CM  CM 

to  to 


to 

• 

CM 
CM 


lO 

to 


CO 

to 

• 

to 
to 


o  o 

•  • 

CM  M< 


to 

• 

CM 
CM 


lO 

to 


o 
CM 

to 


O  O 
•  • 

o  o 
to  to 


lO 


to  CO  to  CO 
0>  CJ>  '0>  05 
to  CO  1^5  to 
CM  CM 'cm  cm 


CO 


o 

CD 


00  ioH»<  to 

00  O 

to  to 


O  lO 
CO  to 
CM  CM 

to  to 


O 


o 
o 


o 

o 


'O 


O  lO 
to  CO 
CM  CM 

to  to 


o 


o 
|o 


o 

CM 


O 
O 

• 

to 

lO 


Xi 
o 
-p 

00 

o 
m 


to 

CM 

• 

lO 
CM 


lO 

to 


CO 

to 

• 

lO 

!tO 


O 

CM 


to 

CM 


|lO 

CD 


in 
to 
• 

lO 

CO 


•  • 

to  iH 
to  lO 


to  00 
0>  05 
to  CO 
CM  CM 

CO 
Of) 
• 

00 


to  lO 
•  • 

00 

CO 


to  00 

|o  o 
to  to 


to 
to 

iH 

lO 
• 

iH 


to 

to 


lO  OiO  o 
•1  •  • 

CM  CO  .-^  lO 
to      to  "sf 


^0  CO  to  00 
Oi  (Ji  Gi  Oi 
to  CO  CO  to 
CM  CM  CM  CM 


lO 

CM 

to 

)CM 


lO 

to 


lO 
CO 

itO 

I 

I 

L 


CO 
CO 


.00 


C-  00 
•  • 

00  O) 

to 


to  CO 

•  • 

iO  to 

to 


to  CO  to  CO 

o  o  p  o 

O 

to  to, to  to 


CO 


to 

rH 

lO 
rH 


to 


CM 
rH 

to 

r-i 
fH 


to 

lO 


CO 
lO 


o 
•p 
00 
u 
o 


o 

CO 
CM 


to 

to 


to 
to 

lO 

to 


to 

00 
00 

CM 


to 

CO 


to 
• 

to 

CO 


lO  o 

•  • 

CM  -^l* 
CO  Ti» 


to  CO 
Oi  Oi 
CO  CO 
CM  CM 

00 

IS 


to  to 

•  • 

00  O) 

to  ^ 


to  CO 
H  rH 


O 
• 

rH 
-"if 

o 

rH 


O 
CM 


to 


o  o 
to  ^ 


to  00 
01  Oi 

to  to 

CM  CM 


lO 

CO 
00 


lO 

to 


to 

|lO 

to 


to  lO 
o 

CM  to 
CO 


CO  00 
<Ji  Oi 
to  CO 
CM  CM 

00 
00 
• 


lO  top  0^ 

•    •  i  •  • 

CO  !tO 


,cO  to 
iH  rH 


rH 


rH 

O 
• 

H 


9  Oi 
CO  CO 
rHrH 


O 

to 


to 


r-i 


O 


CO 


CO 
lO 


o 
-p 

GO 

u 

O 
09 


1  1 


(Ill) 


Oi  o 

to 

c 

<D  •H 
i-H  -P 
.Q  C 
OS  o 


h 
O 

■P 

e 

O  -H  • 

•p  -o  a 

<]}  (0  O 
^  0)  ^ 

■p  K 

(0 

^ .  I 

a>  eg  -p 

bo     o  o 

CO  <D 

<D  S  Fh 
>  «  ;3 


o  qo 

<      4->  O  -H  ^ 


CO 


o 

OS 

o 
n 


I  o  ®  tJ  H 

r-i  C  -P  00  t>0  05  O 

00  00  0)  <D  C  O  i 

C5  >  S  K  •H  CO 


I 

C 

(D  I 
-P  O 
O  -H 
(I4  -P 


I 

0) 
CO  +3 


O 


I    O  (D  iH  • 

r-l  C  -P  oa  bO  CO  B 
CO  GO  «  <D  C  O  O 


I 

c 

-p 

O 


I 

-P 
CO  -P 


+> 

5 


O 

fH  • 

■P  CO  S 

n  c  o 

a>  ra  I 


ra 

<0  r-i  • 

«  -H  ta  a 

+^     o  o 

CO  4)  n  I 

CQ  "P  ^ 


-p 

<JJ 
m 
o 

(D 


0 

(O 

lO 

10 

to 

rH 

rH 

iH 

CVI 

rH 

iH 

rH 

rH 

iH 

• 

• 

• 

• 

• 

CO 

CO 

CO 

CO 

CO 

10 

10 

10 

10 

to 

10 

0 

«• 

LO 

0 

10 

0 

10 

^- 

CO 

I> 

H 

CVI 

OJ 

CVJ 

to 

10 

CVJ 

CV2 

CVi 

0 

0 

0 

0 

0 

• 

• 

• 

4-> 

■P 

• 

• 

• 

■P 

-p 

• 

• 

• 

■p 

CO 

CO 

00 

CO 

CD 

GO 

GO 

GO 

00 

00 

CVJ 

CM 

CVJ 

fl 

CVJ 

CVJ 

OJ 

u 

CVJ 

CVJ 

OJ 

u 

0 

0 

0 

0 

n 

ra 

ra 

n 

09 

10 

lO 

10 

10 

10 

to 

LO 

10 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

l-t 

iH 

iH 

tH 

rH 

rH 

rH 

»-« 

LO 

02 

LO 

LO 

CVi 

05 

01 

to 

to 

to 

to 

to 

to 

to 

OS 

to 

• 

• 

• 

• 

• 

• 

• 

• 

• 

10 

lO 

LO 

10 

10 

10 

10 

10 

10 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

0  10 

C--  CO 

0  00 

lO  0 

0  to 

LO  10 

lO 

to  oioi  lO 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  e 

•  • 

•  • 

CO  to 

rH  0 

CO  05 

05  rH 

to  10 

to  0 

0>  (O 

to  ^ 

to  10 

to  10 

tO  Nl* 

to  ""i* 

to  10 

to  Tj< 

^  10 

to  -"i* 

^  C7> 

^  05 

•Sjl  05 

^  05 

Oi  0> 

05  0 

05  05|a>  05 

CJ5  a> 

0>  05 

0>  05 

to  '^0 

CO  CO 

CO  CO 

CO  CO 

CO  CO, CO  CO 

CO  CO 

CO  CO 

CO  CO 

OJ  CVJ 

CVJ  CVJ 

CVI  OJ 

CVJ  CVJ'OJ  CVJ 

CVJ  CVJ 

01  CVJ 

02  OJ 

to 

10 

05 

CO 

00 

05 

Oi 

10 

10 

CO 

10 

10 

10 

• 

• 

• 

• 

• 

• 

• 

30 

OD 

CO 

QO 

GO 

CO 

CO 

0 

0 

rH 

3 

CVJ 

OJ 

01 

rH 

rH 

1— 1 

rH 

rH 

If  J  0 

10  to 

0  10 

10  10,  CM  £> 

10  to 

CO  00 

to  to 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

to  CO 

CO  10 

iO  lO 

CO  10 

to  co;io  to 

to  CVJ 

OJ  iH 

CO 

to 

to  -"i* 

to  -si* 

to 

to  ^ 

to 

to  -<4< 

to 

to  ^ 

H  CO 

H  CO 

iH  ^O 

0  10 

0  10 

0  10 

rH  CO 

H  to 

tH  U3 

CO  CO 

00  00 

GO  00 

CVI  CVJ 

01  01 

tvj  02 

to  CO 

CO  CO 

CD  CO 

rH  iH 

rH  iH 

rH  rH 

CO  CO 

CO  CO 

CO  CO 

^J* 

10  10 

10  10 

LO  10 

10  LO 

10  10 

10  to 

to 

0 

0 

• 

• 

• 

1 

• 

• 

• 

• 

• 

• 

0 

0 

iH 

H 

iH 

rH 

<* 

1 
( 

(O 

0 

iH 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0 

0 

0 

."H 

•H 

rH 

iH 

H 

0 

0 

P 

0 

0 

0 

• 

• 

• 

1 

• 

• 

• 

• 

— 1 

t-i 

0 

CVJ 

CVJ 

CM 

rH 

iH 

rH 

D 

0 

0 

«o 

10 

to 

0  b 

0 

0 

rH 

iH 

CVJ 

to 

10 

10 

"  i 

CO 

0 

:| 

00 

I  I 


I  t 


I 


(112) 


to 

CO  o 
£h  O 


■P 

§ 

-P 


to 

c 

•H 


fB  « 

O 


to 

OS 
> 

<  Eh 


I 

OS  <«-i 

u  o 


o 


tiOO 
CO 


o 
o 


o 
■p 

GO 

o 

CO 


to 

CVJ 


4:> 
OS 


»  u 

O  (D 
C  -P 


•P  CO  CO  <D 

«D  O  >  S 
O 

S  I 

^  4J  O  -P 

E-l  O  nH  © 

-p  e 


©  '-H 

CO  B 
to  o  o 

G  TO  I 


I 

© 

CO  P 


o 


+:>  I 

OS  iH 

-P  00 

03  O 
O 

E  C 

©  © 


^  i 

©  "O  iH 

P  00  bO  CO 
©©CO 


© 


I 


4:3  +3  o  +>  4i  C  5 
Eh  O  -H  ©  ©  ^ 
Ph  -P  0  CO  P 
•P  f< 
C  © 

+5 
<H 


o 

(U  © 

•P  CO  • 

M  O  S 

©no 


© 
o 
© 


o 
I 


CQ  ©  • 

©rH  0 
I  "H  CO 
•P  ?H  O 

00  ©  CO 
PQ  -P— ' 


s 


c 

•H 
• 

0} 


o 

02 

to 

• 

CJi 
CM 


10 
CO 


CO 
CO 
• 

CO 


10 

to  10 


Oi  01 
CO  CD 
OJ  CM 

00 

to 

• 

CO 


10  CO 

•  • 

10  CM 
to  -'i^ 


O  10 

10  lO 
CO  CO 
O 
CM 


O 
CM 

to 

• 

CJi 
CM 


CO 


to 

CO 


to  CO 
•  • 

00  CM 

to  to 


Oi  O) 
CO  CO 
CM  CM 

Oi 
CO 

^9 


to  00 
•  • 

to  -"^ 


O  ir5 
in  m 

r-i  rH 

CO  CO 


CM 


.CM 


CM 


CM 

CM  ItO 


0>  0) 


CM 

10 


o 

r-i 


CD 
10 


10 

Vo 


CO 

to 

CO 


Tj<  to 
kO  lO 


CO  CO 
CM  CM 

00 
CO 
• 

a 
to 


10  o 

•  • 

0>  CO 
CM  "<4< 


O  10 

iH  i-l 

CO  CO 


CM 


CM 


CM 


CO 
10 


o 

CO 

o 
m 


in 

rH 

iH 

• 

CO 

in 

0 

in 

«n 

CO 

to 

CO 

r-i 

i-t 

rH 

0 

CD 

0 

CO 

CO 

to 

to 

u 

0 

n 

in 

in 

in 

CO 

CO 

CO 

r-i 

CO 

to 

CO 

CO 

to 

to 

• 

• 

• 

• 

• 

in 

in 

in 

0 

0 

CO 

to 

CO 

0 

0 

CM 

0 

0 

0 

• 

• 

• 

• 

•  • 

• 

• 

to 

in 

in 

CM  to 

0 

0 

CO 

CO 

in 

to 

Jj 

w 

JJ 

Ti 

0 

0 

05 

CJi 

^  Oi 

•p 

-p 

Oi 

O) 

Oi 

05  Oi 

CO 

CO 

CO 

CO 

CO  CO 

03 

CM 

CM 

CM 

CM 

CM  CM 

iH 

fH 

0 

CO 

in 

u 

CJi 

•p 

• 

• 

• 

iH 

rH 

0 

0 

in 

in 

in 

0 

0 

rH 

ST 

m 

00 

rH  fH 

in  r 

• 

• 

• 

• 

•  • 

Oi  t- 

C  -P 

■P 

to 

CO 

to 

jS  *^ 

CO 

«  -p 

■p 

03 

03 

^  0 

0 

CM 

CM 

CM 

0  s 

S 

t~ 

CO 

00 

00 

t> 

t> 

Xi  © 

© 

CO 

CO 

CO 

CO  CO  CO 

0 

Eh 

00 

0 

• 

• 

• 

CM 

to 

to 

CO 

0 

0 

• 

• 

• 

CM 

to 

to 

LO 

in 

0 

• 

• 

• 

CO 

to 

in 

in 

in 

_j 
1^ 

to 

rH 

H 

r-i 

fH 

H 

iH 

I 


I 


I 


I 


(113) 


o 

CD 

Eh 


O 


■P 
«> 

o 

CD 
O 

u 
o 

00 

O 

<H  0) 
O  M 

I>»  • 

■p  a 

•H  S 

03 

CO 
(D  00 
Q  t> 

ill 
o 

Pi 

OS 
> 


0 


e 

GO 

CO  lO 
C\J 

<^ 

iH  01 


to 

4)  O 

ft  CSJ 


O  CJ 

-P 

<D 

^  CO 
43  ® 

O 


o 


o 

r-i 

to 


o 

CO 

o 

00 


i  I 

f^  O  O 

CD  <D       ®  < 

a  <»  c  • 

©She  t^o 

>  <D     o  cio 
<a;  &s  +i  o  T^  — ' 


4^ 
CO 
•P 

o 

n 

u 

EH 


<  ^1  • 

I  o  Q)  -a 

CD  CD  ®  (D  C 

C5  >  g  «  *H 


0)  • 

CO  o 

O  I 

03 


i 

c 

<E  I 

-P  O 
O 

a*  -p 


r 

4J 

OS 
+:> 
03 

O 

U 
Eh 


<D  I  bO 
■P  -P  C 

S  CO  +i 


I    O  ®  1-1  • 

fH  C  -P  CD  tiO  CO  S 
00  CD  0)  <I>  C  O  O 


I 

+9  O  4J  4J  G 

O       OJ  OJ  "H 

(U  -P  a  CO  -P 


•H 

O 

•P 

n 

<D 


0)  ^ 

CO  S 
o  o 
m  I 


Pi 

«a; 

O 
U 


03  « 

I   •H  CD  f 

■P  P(  O  C 
OS  ©  03  I 

ffi  -P— • 


03 


1^ 

UJ 

UJ 

1 

-  i 

• 

• 

• 

# 

LIJ 

lO 

lO 

«• 

o 

o 

o 

•« 

o 

00 

£> 

OJ 

03 

OJ 

LO 

o 

o 

t>J 

o 

o 

yj* 

• 

• 

• 

p 

• 

• 

• 

p 

• 

CO 

CO 

Ol 

01 

CO 

05 

o 

r-i 

rH 

Fh 

iH 

r-i 

01 

o 

o 

wJ 

CO 

o 

o 

O 

O 

t_> 

o 

uD 

ou 

UJ 

UJ 

uu 

OD 

00 

H 

iH 

rH 

iH 

r-1 

Ol 

r-i 

o 

Cv 

OJ 

Oi 

CM 

r~i 

OJ 

(Ai 

01 

02 

OJ 

OJ 

OJ 

OJ 

OJ 

t-J 

C^J 

t_/ 

to 

V.V 

> 

0 

# 

• 

# 

Oi 

00 

o 

OJ 

to 

lO 

to 

OJ 

lO 

to 

01 

to 

CO 

to 

CO 

CO 

lij 

1 

UJ 

V_J 

Oi 

o 

o 

o> 

o 

o> 

o 

Ol 

O 

01 

o 

01 

OS 

o 

o> 

o 

0> 

o 

o 

01 

o 

01 

o 

01 

fM 

rO 

CJ 

(XI 

to 

CO 

to 

to 

J 

/— \ 

PJ 

1 

_1 
1  1 

CO 

CO 

CO 

G) 

01 

Ol 

• 

t^ 

CO 

to 

to 

to 

CO 

CO 

00 

ou 

OL) 

o 

r-i 

UJ 

to 

\J 

PJ 

(~\ 

i 

UJ 

LJ 

• 

• 

• 

• 

• 

• 

m 

• 

• 

• 

• 

• 

• 

«o 

o 

i-i 

OJ 

02 

CO 

OJ 

^- 

GO 

CO 

CO 

r-l 

to 

J 

«  J 

to 

to 

to 

1.  J 

o 

c 

lO 

O 

lO 

iH 

to 

o 

O 

lO 

CO 

to 

to 

to 

to 

to 

to 

00 

00 

00 

00 

CO 

CO 

CO 

CO 

to 

CO 

to 

to 

to 

o> 

01 

Ol 

Ol 

01 

Ol 

to 

to 

lO 

CO 

CO 

to 

to 

CO 

to 

to 

CO 

CO 

CD 

 1 

to 

UJ 

to 

• 

• 

• 

O 

o 

o 

ot 

Ol 

01 

Ol 

CO 

CO 

CO 

to 

CD 

CO 

to 

to 

UJ 

to 

• 

• 

• 

• 

o 

o 

o 

01 

01 

01 

01 

to 

CO 

CO 

c 

o 

o 

ITj 

Hi 

LO 

lO 

• 

• 

• 

• 

• 

• 

• 

iH 

o 

01 

01 

01 

01 

to 

to 

CO 

CO 

o 

o 

o 

o 

o 

o 

o 

O 

Ol 

o 

iH 

03 

O 

o 

o 

H 

r-i 

CO 

03 
O 
O 


o 

Ol 

o 

03 


O 
Oi 

o 

03 


O 

00 

1-1 


o 

OJ 
01 


O 
00 
r-i 


OJ 
• 

03 


00  O 
•  • 

03  00 
CO 


03 
Ol  O 

01  o 

02  to 


& 


lO  00 

o  o 
to  ^ 


CO  00 
CO  to 


01 

to 


• 

Ol 
CO 


Ol 
CO 


o 
o 


lO 

o 
kp 

00 

u 
o 

03 


CO  00 
*  * 

»10  CO 
CO 


t>  03 
01  o 
01  o 
03  CO 

8 

rH 

o  ^ 

•  • 

o  o 

CO 


CO  CD 
CO  CO 

^  <^ 

01 

to 


lO 
01 

to 


01 

to 


} 


o 


(114) 


c  ® 

0)  'H 

r-i  4J 

P  c 

CO  o 

Eh  O 


U 
<D 
-P 

e  c 

O  "H 

O  CO 
^  © 
-P  « 

00 

o 

I 


o 


I 


<D  CO  <H  -P 
aO  Jh  O  O 
GO  <D 
^  Pi  4> 
©  S  ^ 

>  ©  3 


c 
o 

•=1!  EH  -P  O 


o 


CD 
LO 

o 
-p 

CO 

o 

OQ 


O 
O 


-P  CD  00 
©©CO 


lO 

lO 

o 

o 

r-i 

• 

CO 

• 

CO 

to 

lO 

o 

o 

o 

•• 

lO 

lO 

LO 

c- 

to 

t>- 

to 

to 

o 

o 

CM 

CM 

CM 

• 

• 

• 

+5 

-p 

• 

• 

• 

CM 

CM 

CM 

OS 

GO 

CM 

CM 

CM 

CM 

CM 

CM 

o 

o 

0} 

09 

o 

o 

o 

o 

o 

o 

CO 

CO 

00 

00 

CD 

00 

rH 

fi 

r-i 

r-i 

iH 

r-i 

CD 

CO 

GO 

in 

CO 

to 

r-i 

r-i 

r-i 

r-i 

ft 

• 

• 

• 

• 

• 

• 

CM 

CM 

CM 

CM 

CM 

CM 

J> 

o 

to 

CO 

lO  o 

to 

o 

CO 

o 

• 

• 

• 

• 

•  • 

• 

# 

# 

• 

* 

• 

CO 

CO  CO 

CO 

05 

CO 

CO 

CO 

CO 

to 

CO 

CO 

to 

to 

CO 

CM 

C>- 

CM 

I>-  CM 

o 

lO 

o 

to 

o 

o> 

o 

05 

o 

05  O 

o> 

c 

05 

o 

C35 

o 

oj 

o 

05 

o 

05  O 

05 

c 

C35 

o 

C35 

o 

CM 

to 

CM 

CO 

CM  to 

CM 

CO 

CM 

CO 

CM 

to 

O 

O 

O 

to 

"sr 

lO 

# 

# 

# 

• 

lO 

lO 

LO 

r-i 

CM 

CM 

CM 

rH 

r-i 

r-i 

r-i 

rH 

to 

to 

CO 

LQ  t- 

CO 

o 

o 

LQ 

• 

• 

• 

■ 

•  • 

• 

• 

• 

• 

• 

• 

CO 

CO  CO 

o 

CO 

CM 

to 

to 

CO  '^t* 

to 

to 

CO 

o 

o 

LO  O 

to 

CO 

to 

CO 

CO 

00 

to 

<^  LO 

CD 

CD 

CO 

00 

00 

CO 

05 

05 

05 

05 

05  05 

to 

LO 

to 

to 

lO 

to 

CO 

CO 

• 

# 

05 

Oi 

r-i 

r-i 

rH 

to 

CO 

to 

00 

CO 

• 

0 

05 

05 

05 

r-i 

r-i 

r-i 

to 

CO 

to 

to 

to 

to 

• 

• 

• 

• 

• 

• 

05 

05 

05 

r-i 

r-i 

r-i 

to 

to 

CO 

o 

o 

o 

o 

o 

o 

rH 

CM 

to 

CM 

CO 

LO 

lO 

CO 

CO 

CO 

p 

O 

lO 

05 

o 

o 

o 

r-i 

r-i 

• 

• 

» 

CO 

CO 

CO 

to 

LO 

lO 

o 

to 

to 

!> 

o 

o 

O 

lO 

to 

tO 

o 

"4 — 

1 

CB 

CO 

to 

LO 

to 

00 

u 

U 

CM 

CM 

CM 

O 

o 

0 

m 

00 

01 

O 

O 

o 

00 

00 

00 

r-i 

rH 

r-i 

00 

CO 

i> 

iH 

l—i 

r-i 

• 

• 

• 

CM 

CM 

CM 

tr- 

l> 

io  t> 

to 

to 

CM  to 

•  • 

• 

• 

•  • 

lO  00 

CO 

CO 

CO 

to 

to  ^ 

CM 

!> 

CM 

J>-  CM 

05  O 

05 

O 

05  O 

05  O 

C55 

O 

o>  o 

CM  to 

CM 

to 

CM  to 

LO 

to 

iH 

iH 

• 

• 

• 

CD 

CO 

CO 

CO 

CO 

CO 

iH 

iH 

iH 

O  CO 

CM 

CO 

•  • 

• 

• 

•  • 

to  <H 

CM 

o 

CM  fH 

tO  ^ 

CO 

rH  CO 

iH 

CO 

rH  CO 

05  C35 

05 

05 

05  05 

05  05 

Qi 

05 

a>  05 

lO  LO 

to 

lO 

lO  to 

00 

CO 

00 

• 

• 

• 

05 

05 

to 

CO 

to 

CO 

00 

00 

• 

• 

• 

05 

c:5 

05 

to 

CO 

to 

to 

to 

• 

• 

• 

CJ5 

C35 

05 

CO 

CO 

to 

U  J 

to 

lO 

r 

(115) 


O  <D 

•H  O 

00  o 

Eh  O 


O 
43 

<D 

S  bO 
O  C 

(D 

-p  « 

CO  ft; 
o 


o 


I 


CO  O  O  Jh 

CO 

h  <P  <D 


<13  <jj  ^ 


>  fi  ?  O  GO 

EH 


Eh  O 
O 


to 


O 
-P 
CO 

o 

03 


I  I  <D 

•P   •    O  <D  iH 

OJ  f-l  cj  +^  03  fcO  08 

•P  CO  CO  <D  <D  C  O 

o  — 

a  » 

Jh  C  tn 

<D  <D  I  (D  I 

^  +3  O  4J  -P  C 

Eh  O  ^  ©  ©  ^ 

•^4^  g  CO  +3 


4s 


Eh  O 
O 


+^  •   O  ©  73      1-1  S 

co«Hj:;+3  CO  bOoj  o 

■P  00  CD  ©  ©  n  t>  I 

0(3  C5  >  S  K  -H  TO 
o  — 

^  c  u 

©  ©  I  ©  I 

^  4J  O  +i  4J 

Eh  O  ^  ©  ©  ^ 

Ph  -P  S  CO  +J 


5s 


4J 

c 

•H 

O  ©^ 
(X|  pH  • 

00  S 
+i  o  o 

03  03  I 
© 

00  ©  — » 
«  r-1  • 

» •H  00  e 

4J  O  O 
00  ©  or}  I 
PQ  -P  ^ 


+> 

© 
Ph 
o 

*H 

a> 

CQ 


5 


o 

CO 

to 

CM 


O 

00 


U3 


to  00 
CO 

CO  T»< 


LO  O 

o>  o 

Oi  o 
CM  10 


CO 

o  o 

•  • 

lO  to 
to  ^ 


to  CO 
00  00 

CO  CO 


CO 

CO 
• 

r-H 


CM 


o 

CD 
CO 
• 

•-0 
CM 


O 
CO 


to 
^ 

CM 


to  lO 

CO  ^- 
to 


to 

CO 
CO 

• 

CO 
CM 


O 
CO 


CO 
CM 


^  lO 

tO 


IQ  O 
Qi  O 

o>  O 

CM  to 

CM 
O 
• 

CO 


LO  O 

a>  o 

05  o 
CM  to 

CO 

o 

• 

CO 
M 


CO  O  lO  to 
•    •    •  • 

O  CM  lO 
lO  to  '^i* 


to  CO 

CO  00 

CO  CO 


CO 


1-1 


to 
to 


to  CO 

00  CO 

CO 


rH 


r-1 


r-1 


LO 


• 

lO 

lO 

5  rH 

rH 

rH 

» to 

to 

to 

5  • 

>  CM 

CM 

CM 

O 

O 

O 

00 

00 

CO 

r-1 

rH 

rH 

>i 

rH 

rH 

iH 

• 

# 

# 

CO  o 

C*-  00 

O  LO 

•  • 

•  • 

•  • 

i. 

cn  rn 

uj 

IT  J  ^1 

LO  O 

lQ  O 

lO  O 

CJ5  O 

05  O 

0>  O 

Oi  o 

\j»  \ — ' 

CM  to 

CM  to 

CM  to 

CO 

to 

00 

00 

CO 

• 

• 

• 

lO 

lO 

lO 

H 

rH 

H 

CO  CM 

•  • 

•  • 

•  • 

CO 

lO 

to 

CO  n< 

^0 

CO 

CM  CM 
05  0> 
CO  CO 


0> 

to 


CO 

3) 

CO 


in 

05 
CO 


10 


o 


CM 

CM  CM 
05  05 
CO  CO 


00 


05 

to 


CO 
05 

to 


to 

05 

to 


to 

CM 


CM 

CM  CM 

05  a 

CO  CO 


CO 


05 

to 


00 
05 

to 


to 

05 

to 


to 
to 


o 

CM 

o 

• 

o 
-H 

o 

4J 

TO 
fH 

o 
u 
■p 
c 
o 
o 


CO  r 


o 
c 


45 

00 

-p 

03 

o 

s 

© 

Eh 


to 

O 
O 


m 

fH 

o 
U 

C 
o 
o 


CQ 


4J 

05 
+3 
03 
O 

S 
© 

Eh 


(116) 


•H 

o 

o 

•H 

•P 

• 

(D 

a 

O 

00 

OB 

o 

lO 

o 

00  r-i 

<^  •• 

OS  iH 

<+H  C5 

rH  iH 

•H  ^} 

fn  O 

Eh  03 

H 

O 

U  S 

r-i 

O  • 

<D  -H 

^ 

CO 

Eh 

-P 

®  O 

•H  iH 

O  >H 

03  to 

<D  <D 

CJ  05 

P  ISI 

<D 

O 

U 

o 

ft 

CO 

> 

i 

o 
-p 

o 

a  bo 

O 

®  s 

^  C3  O 

+3   ©  — 

OB  K 

O 

«  <>-(  I 

<D  CD  O  4J  a 

bO  ?H  O  ^ 

OQ  <D  <D  <D  <} 


<D  a 

>  0)  P 

<  Eh 


I 


-P 
OB 

-P  CO  00 
on  cl3  > 
O 

a  • 

u  a 

0}  0  I 


C  tiDO 
O  CO 
O  -H  ^ 


O 
Eh  O 


O  ®  •53      iH  • 

C  P  «  bO  CB  a 

<D  ©  C  O  O 

a  K  -H  00  I 


O 
• 

CO 


o 
-p 

CD 

o 

02 


^  p  O  P  +3  G 
Eh  O  -H  ©  <U 
a,  +3  a  CO  4J 


O 


is 


4J 

(0 


O  <D 
C  P 


■P  00  CO  4) 

03  c*3  >  a 

O 

a  » 

O  <D  I  O 

;Cl  -P  O  P 

Eh  O  "H  0) 

A^p  a 


I 

CO  bO  00  o 

(D  C  O  I 

CE;  "H  03 


p 

c 

•H 

o 

•p  cB  a 

moo 

<D  03  I 


CO  (D  • 

<D.H  g 

I  -H  03  O 

■P       O  I 

00  <D  n 

pq  p  ^ 


I  bO 
•P  G 

«  -H 
CO  4J 

-p 

< 
0) 

o 


<D 

a 


IB 


O 
02 


CO 


GO 


o  to 


to  CO 
OJ  C\2 

to  to 


o 
to 


O 

CVJ 
r-i 


00 


to 
•  • 

lO 

to 


CO  CO 

in  to 

CM  OJ 

to  to 


OS 

o 
to 

Oi 


o 

OJ 


00 


01 
Oi 


•p 

00 

o 

031 


00  t>  00 

•    •  •  • 

■sji  lO  lO 

to  Ti«  to 


OJ 

05  Oi 

CO  CO 

01 

to 


Ol 
05 

to 


0> 

to 


o 
o 


OJ  > 

OS  o> 
to  CO 

01 
• 

05 

CO 


03 
CJ5 

to 


» 

05 

CO 


o 


o 


CO  CO 
•  • 

OJ  CO 
CO  T*« 


CO  00 

OJ  01 
CO  CO 


CO 

o 

• 

to 
o> 


O  01 
• 

to  Sji 


01  O-i 
05  05 

CO  CO 
OJ 

|o> 

CO 


01 

05 

to 


o 

05 
CO 


o 

01 


o 


lO 

o 

• 

CO 
lO 


o 
+^ 

03 

ft 
o 
m 


o 
to 

CO 
• 

r-l 


00 

1-1 


Ol 
05 


o 
to 

CO 

• 

lO 
rH 


CO 


Ol 

05 


CO  o 

•  • 

to  ^ 

to  ''i^ 


CO  00 
LO 

01  Ol 
CO  CO 


lO 
05 
• 

lO 

o 

O  lO 

CO  OJ 
CO 


O  lO 
lO  LO 

o 

• 

05 

CO 


o 

05 

to 


O  lO 

•  • 

CO  CO 
CO 


lO 

I  • 

CJ5 
CO 


o 
o 


Ol 


lO 
CO 

CO 
• 

t-i 


00 


05 


CO  00 
lO  to 
OJ  OJ 
CO  to 


05 
05 
• 

LO 

o 


lO  o 


CO 


o  to 
to  to 


05 

to 


05 

to 


o 

• 

05 
CO 


00 

|o 

CO 


o 
-p 

CO 

o 

03 


0  00 
•  • 

01  01 

to 


CO  00 
to  lO 
KM  01 
CO  to 


CO 

05 

to 

o 


o  in 
CO 

to 


O  lO 
to  lO 

o 

• 

05 

CO 


05 

to 


o 

05 
CO 


o 
bi 


[M  01 


m 


(117) 


OS 

Eh 


<D 

§ 

•H 

-P 
C 

o 
o 


Pi 
O 

+3 

(D 

o  c  • 

^  CO  o 

-p  ®  — ' 

05  « 

o 

I 


I 


(D  CD  4h  -P  3 

O  o  h 

CO  <D 
^  0) 
®  S  f< 

>  (D  ^ 


a  o 


<  Eh  -P  O  "H 


o 
o 
to 


o 

CO 

o 

03 


I 


>  h 

C  -P 


-P 

00 

•P   CO   CO  0} 

o 

S  I 


>  g 


EH  O 

o 


•a 

00  bO  00 
<D  C  O 


(D 


EH  O  "H 
fl«  -P 


{50 


+3 

CZ)  43 


3. 


+3 

00 
+3 
03 
O 

B 

<D 

xi 

EH 


Eh  O 
O 


h  »  © 

CD  iH 

-P  03  bO  CO 

®  <D  G  O 

S  «  -H  03 


43 

<D 

43 

•H 

O 

®  • 

< 

CB  O 

<D 

4-> 

O  1 

n} 

03 

O 

(D 

<M 

PC^ 

<D 

03  <D 

(D  iH 

• 

1 

•H  00 

e 

43 

^  o 

o 

CO 

(D  03 

1 

PQ 

43 

• 

a 

•H 

S 

i 

• 

•H 

03 

U 

1 

— \ 

UJ 

V — ' 

r-l 

Q 

o 

H 

r— 1 

o 

% 

# 

• 

tO 

to 

CO 

lO 

lO 

lO 

«« 

lO 

lO 

in 

in 

o 

o 

in 

in 

LO 

00 

05 

o 

o 

o 

!> 

o 

o 

in 

CO 

43 

43 

CD 

CD 

43 

43 

to 

to 

CO 

w 

a1 
wu 

f>- 

P. 

M 

OS 

o> 

M 

w 

rH 

rH 

iH 

o 

O 

iH 

rH 

tH 

O 

O 

CM 

CM 

CM 

03 

03 

03 

03 

00 

00 

CO 

00 

00 

00 

00 

CO 

CO 

L 

w 

L 

r». 

1. 

L 

I— I 

r-{ 

f-{ 

iH 

CM 

o 

CO 

o 

CO 

to 

03 

03 

00 

OJ 

03 

00 

03 

03 

03 

t> 

o 

o 

o 

o 

lO 

in 

CM 

OJ  o 

o 

in 

CM 

rO 

(O 

en 

CM 

o 

to 

to 

CO 

to 

in 

CO 

to 

to 

CO 

to 

to 

m 

lO 

rO 

"J 

to 

fO 

lO 

lO 

in 

lO 

LO 

LO 

LO 

lO 

lO  LO 

LO 

in 

LO 

r\j 

CM 

A) 

CO 

CO 

AJ  f\3 

CM 

f\) 

to 

to 

to 

to 

CO 

to 

CO 

to 

to 

to 

to 

CO  to 

CO 

to 

CO 

03 

to 

in 

00 

o 

o 

CO 

CM 

m 

03 

0 

# 

lO 

ID 

in 

in 

in 

in 

CO 

CO 

CO 

1-4 

rH 

rH 

CM 

CM 

CM 

CO 

CO 

to 

rH 

iH 

rH 

iH 

rH 

rH 

iH 

H 

iH 

«H 

to 

in 

Q 

03 

lO 

lO 

o 

to 

LO 

CO 

03 

LO 

*  •» 

LO 

to 

CO 

to 

to 

to 

CO 

to 

CO 

CO 

CO 

o 

in 

o 

o 

CM 

to 

CO 

in  o 

LO 

o 

lO 

«-H 

r-l 

rH 

iH 

rH 

iH 

00 

o> 

O) 

o> 

o>  o 

03 

o 

o> 

o 

o 

o 

o 

O 

O 

03  O 

03 

o 

CD 

lO 

tn 

in 

in 

in 

in 

in 

in 

in 

in  CO 

in 

CO 

in 

m 

CVJ 

to 

o 

in 

in 

in 

lO 

o> 

Q 

o 

o 

03 

o> 

03 

to 

to 

to 

CO 

CO 

to 

in 

m 

o 

CD 

in 

in 

in 

• 

• 

# 

# 

• 

' 

\J* 

rO 

lO 

in 

o 

in 

o 

o 

in 

in 

in 

0> 

Oi 

o 

o 

CD 

CD 

a 

03 

03 

to 

to 

to 

CO 

to 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

rH 

CVJ 

o 

iH 

CM 

in 

o 

rH 

to 

CO 

to 

in 

in 

o 
o 


CD 

in 


o 

43 
CO 

u 

o 

03 


o 
o 


t 


(118) 


•a 

i-i  <D 
-St* 

<D  iH 

t-i  O 

CO  o 
Eh  O 


<D 
4J 

a 

O 

■P  •H  • 

©  -a  a 

^1  00  o 

-p  ©  — ' 

O 

I 


I 


©  CO  «H  +3  S 

fciO      O  O 
00  © 

®  a 

>  ©  J3 
<  t^  -P 


©  <3«^ 

C  • 

O  CO 


Eh  O 
O 


+>  I 

OS  r-i 
-P  00 
01  C5 
O 


a 

© 


I 

C 

©  I 

+3  O 

O  t{ 


© 
-p 
© 

a 


CO 


o 

CO 

o 
n 


© 


tlO  00 

C  o 

■H  03 


bO 

4J 


o 

EhO 


CO  r-i 
-P  00 

O 


©  "O 


© 


a 
© 

Eh 


I 

©  I  © 

-P  O  4J 

O  "H  © 

(i«  -P  a  W  4-) 


c  o  a 

•H  03  O 


J. 


4^ 

5  . 
O 

(U  © 

•P  00 
09  O 
©  09 


03  ©  ^ 
©  1-4  • 

•  -H  CO  a 

4J      o  o 

00  ©  09 

«  +J  — ' 


+» 
< 
© 

O 

© 

PQ 


I 


Eh 


•H 

• 

03 


6 

a 

r-i 

r-i 

iH 

• 

• 

• 

CO 

CO 

CO 

lO 

lO 

to 

o 

o 

o 

lO 

o 

o 

H 

o 

o 

00 

00 

o 

o 

CO 

CO 

00 

+> 

-P 

CO 

00 

Oi 

-p 

• 

• 

• 

C0 

CO 

• 

• 

• 

03 

OJ 

OJ 

to 

CO 

CO 

OJ 

OJ 

OJ 

o 

o 

OJ 

OJ 

OJ 

09 

03 

© 

CO 

CO 

CO 

00 

00 

CO 

o 

t- 

!> 

1-4 

rH 

(H 

O 

CO 

o 

o 

OJ 

rH 

Oi 

Oi 

Oi 

CJ5 

• 

• 

• 

• 

• 

• 

l> 

I> 

O  CM 

^  CO 

rH  OJ 

CO  CO 

•  • 

• 

• 

•  • 

•  • 

•  • 

•  • 

^  o 

CO 

CO  I> 

lO  CO 

to  lO 

CO 

CO  ^ 

CO  ""4* 

CO 

CO 

to  CO 

to 

CO 

CO  CO 

CO  CO 

to  00 

CO  00 

LO 

LO 

LO  lO 

m  LO 

lO  to 

to  lO 

CM  OJ 

OJ 

OJ 

OJ  OJ 

OJ  OJ 

OJ  OJ 

OJ  OJ 

CO  CO 

CO 

CO 

CO  CO 

CO  CO 

CO  CO 

CO  CO 

lO 

OJ 

GO 

CO 

CO 

lO 

o 

Oi 

o 

• 

• 

• 

• 

• 

• 

CO 

CO 

CO 

CO 

LO 

CO 

lO 

lO 

lO 

rH 

iH 

O  OJ 

LO 

o 

00  OJ 

CO  lO 

to  lO 

^  to 

•  • 

• 

• 

•  • 

•  • 

•  • 

•  • 

CO  in 

lO 

o  o> 

I-i 

LO  CO  fH  0> 

CO 

CO 

to  ^ 

CO 

CO  CO 

t>-  OJ 

OJ 

t>  OJ 

O  lO 

O  lO 

O  lO 

O  rH 

o 

r-i 

O  r-i 

CO  CO 

00  00 

00  00 

lO  lO 

in 

UO  lO 

05  Oi 

Oi  Oi 

a  Oi 

CO  CO 

CO 

CO 

CO  CO 

CO  CO 

CO  CO 

CO  CO 

LO 

LO 

00 

• 

• 

• 

• 

• 

• 

Oi 

Oi 

Oi 

01 

Oi 

05 

lO 

CO 

CO 

10 

CO 

CO 

LO 

LO 

00 

^- 

• 

• 

• 

• 

• 

• 

Oi 

05 

Oi 

05 

to 

CO 

CO 

CO 

CO 

CO 

in 

o 

o 

o 

• 

• 

• 

• 

• 

• 

OS 

Oi 

o 

o 

o 

CO 

CO 

CO 

o 

o 

o 

lO 

o 

lO 

o 

CO 

CO 

CO 

CO 

• 

• 

o 

o 

o 

o 

CO 

CO 

o 

o 

• 

• 

o 

o 

M 

+1 

o 

o 

4:> 

ea 

09 

iH 

o 

o 

iH 

-p 

•p 

o 

o 

o 

o 

< 

B 

c 

-p 

■p 

00 

00 

4i 

•p 

03 

03 

<iH 

o 

o 

o 

a 

a 

•o 

© 

© 

c 

w 

EH 

Eh 

Appendix  E 


9  , 


I 


Calibration  of  the  Thermocouple3» 
I  During  the  course  of  this  research,  it  was  neces- 

sary to  calibrate  three  copper-constantan  thermocouples,  one 
for  the  purification  work  on  trif luoroacetic  acid,  the  other  |j 
two  for  use  in  the  thermostats  connected  with  the  vapor 
density  measurements.  ! 

I  Thermocouple  TC-B  was  calibrated  at  the  sublimation 
temperature  of  dry  ice  and  at  the  melting  point  of  mercury© 
Thermocouples  TC-C  and  TC-D  were  calibrated  at  the  temperature 
of  boiling  water  and  at  the  melting  point  of  tin.  j 
Calibration  of  Thermocouple  TC«B»  (27) 

[  A  coil  of  manganin  wire  of  approximately  100  ohms 

resistance  was  buried  in  a  small  Dewar  flask  beneath  a  large 
quantity  of  very  finely  powdered  dry  ice*    The  leads  of  the 
heater  coil  were  connected  to  a  source  of  current  through  a 
rheostat.    The  hot  junction  of  thermocouple  TC-B  was  imbedded 

j 

in  the  dry  ice,  care  being  taken  that  the  junction  was  at  1[ 
least  Is  Inches  away  from  the  heater.    The  reference  junction 
was  placed  in  a  Dewar  filled  with  a  distilled  water-distilled 
!    water  ice  mixture.    The  potentiometer  circuit  was  balanced, 
and  the  EMP  of  the  thermocouple  was  observed.    A  current  of  ! 
0.1  ampere  in  the  heater  coil  was  sufficient  to  maintain  a  |i 
steady  stream  of  gaseous  carbon  dioxide  sweeping  out  of  the 

II  Dewar.    Increase  of  the  current  to  0.25  ampere  produced  no  | 

I'  i 

measureable  change  in  the  final  equilibrium  temperature  | 


i 


attained  by  the  subliming  carbon  dioxide.     Observations  were 
taken  until  a  steady  value  of  the  thermocouple  output  was  | 
observed.    The  barometric  pressure  was  read  at  intervals*  | 
The  data  are  presented  in  Table  42.  j 
The  hot  junction  of  the  thermocouple  was  mounted 
j    in  a  test  tube  containing  about  50  cc.  of  mercury  (Howe  and 
j    French,  triple  distilled).    The  test  tube  was  fitted  with  an  ! 
outer  jacket,  the  assembly  was  immersed  in  a  dry  ice-trichlo- 
roethylene  bath  at  -50°  C.  and  EMP  readings  were  taken.  After 
the  mercury  was  completely  frozen,  the  cold  bath  was  removed 
and  the  assembly  was  permitted  to  warm  up.    During  the 
warming  process,  EMF  readings  were  taken.    These  data  are 
presented  in  Tables  43-44» 

II 

The  barometric  pressure  was  corrected  for  tempera- 
ture effects  by  use  of  the  equation 

p  =    1   •»   (1.84xlO'5)(tQ  C.)        X  p 
1   +   (1.818x10-4) (to  c.) 

The  sublimation  temperature  of  solid  carbon  dioxide  was  calcu-j 

lated  by  use  of  the  equation  (27)  I 

log      p  s  9.81137     -  1549  

t*^  C.      S73,l6  j 

The  melting  point  of  mercury  was  taken  as  -38.87  C. 

These  data  were  then  compared  with  the  so-called  "standard" 

thermocouple*    A  summary  of  the  calculations  are  presented  in 

Table  45. 

A  theoretical  consideration  of  thermocouples  has 


c 


4 


t 


shown  that  for  most  metals  the  values  of  the  EMP's  plotted 
against  the  temperature  of  the  hot  junction  gives  rise  to  a 
curve  which  is  sensibly  a  parabola  (?)•    The  equation  for 
this  curve  is  given  as 

E  z  at  -h  bt^ 
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Table  43 


Calibration  of  Thermocouple  TC-B  at  Freezing 
Point  of  Mercury 

March  20,  1948 

Zero  Time:     2:25  p.m.  ^ 
Bath  Temperature:        -50  C» 


Time 

Rest  Point 

Potentiometer 

Ga Ivanometer 

(min. ) 

Battery  Before  After 

Setting 

Reading 
(cm«  ) 

10 

31.9 

31.8 

31.8 

'1420 
1425 

18.7 
34.7 

12 

31o9 

31.8 

31.8 

1420 
1425 

19.6 
35.6 

14 

31,9 

31.8 

31.8 

1420 
1425 

20.1 
36.2 

16 

31.9 

31.8 

31.8 

1420 
1425 

20.3 
36.6 

18 

31.9 

31.9 

32.0 

1420 
1425 

20.4 
36.4 

20 

31.9 

1420 
1425 

— 

22 

31.9 

S2.0 

32.0 

1420 
1425 

20.7 
36.6 

24 

31.9 

31.9 

31.8 

1420 
1425 

20.2 
36.6 

26 

31.9 

31.9 

31.9 

1420 
1425 

20.0 
36.4 

2S 

31.9 

il.9 

31. $ 

1420 
1425 

19.8 
36.3 

30 

31.9 

31.9 

31.9 

1420 
1425 

19.7 
35.9 

■■  32 

31.9 

31. $ 

31.^ 

1420 
1425 

15.1 
35.5 

34 

31.9 

31.9 

31.9 

1420 
1425 

17.2 
34.0 

36 

31.9 

3l.d 

31.9 

1420 
1425 

14.3 
31.5 

38 

31.9 

31.9 

31.9 

1420 
1425 

9.7 
27.4 

40 

31.9 

32.0 

32.0 

1420 
1425 

0.7 
19.3 
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Table  44 

Calibration  of  Thermocouple  TC-B  at  Melting 
Point  of  Mercury 

^  March  20,  1948 

Zero  Time:    3:13  p.m. 

Potentiometer  Galvanometer 


Time 
(min. ) 

Battery 

Rest 
Point 
Before  After 

Setting 

u^n 

Reading 
(cm.  ) 

1 

32.1 

32.1 

32.0 

i420 
1425 

8.5 

12-13 

S 

32.1 

32.0 

32.0 

1420 
1425 

21.2 
37.3 

5 

32.1 

32.0 

32.0 

1420 
1425 

21.2 
37.5 

7 

32.1 

32. 1 

32.1 

1420 
1425 

21.0 
37.4 

9 

32.0 

32.1 

32.0 

1420 
1425 

21.3 
37.6 

11 

32.0 

32.0 

32.0 

1420 
1425 

21.7 
37.6 

13 

32.0 

32.0 

32.0 

1420 
1425 

22.5 
38.6 

15 

32.0 

32.0 

32.0 

1420 
1425 

24.2 
40.3 

17 

32o0 

32.0 

32.0 

1420 
1425 

25.7 
41.6 

19 

32.0 

32.0 

32.0 

1420 
1425 

28.6 
44.5 

SI 

32.0 

32.0 

32.0 

1426 
1425 

31.3 
46.6 

23 

32.0 

32.0 

32.0 

1420 
1425 

57.0 
51.3 

25 

32.0 

32.0 

1420 
1425 

65 -and 
drifting 

c 


Table  45 


Summary  of  Calculations  for  Thermocouple  TC-B 

Calibration 


A-t     sublimation  temperature  of  solid  carbo^ioxide: 

Observed  pressure  770,55  mm. 

Corrected  pressure  767.47  mm. 

Calculated  sublimation  ^ 

temperature  -78.38  C. 

Observed  EMF  2717,9 ji^. 

Standard  EMF  27l3.7yU.\r 

Deviation  4.4  JipT. 

At  freezing  point  of  mercury j 

Freezing  point  -38.87°  C. 

Observed  ENP  X423.6  ^vr 

Standard  EMP  1423.6 

Deviation  0.0^\r 


> 


I 
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Substituting,  In  turn,  the  sublimation  temperature  of  solid 

carbon  dioxide  and  the  melting  point  of  merc\iry,  expressed 

as  degrees  centigrade,  for  t,  and  the  corresponding  EMF's 

in        for  E,  the  simultaneous  equations  are  obtained 

2 

2717,9    «      -78.38a  +  (-78.38)  b 
1423.6     -      -38 o 87a  4-  (-38.e7)^b 
Solving,  a     s  -38,52 

b     2  -0.04869 
whence,  the  equation  becomes 

E     =      -38.52t  -  0.04869t^ 
Using  this  equation,  a  detailed  working  table  of  EMp's  was 
calculated  for  the  temperature  range  Involved  in  the  purifica- 
tion procedure  (Table  46). 

Calibration  of  Thermocouples  TC-C  and  TC-D. 

The  thermocouples  were  mounted  in  a  Claisen  flask 
and  distilled  water  was  boiled  past  the  thermocouples.  Read- 
ings of  the  output  of  the  thermocouples  were  taken  at  regular 
intervals  in  the  usual  way.    The  data  for  thermocouple  TC-C 
is  presented  in  Table  47;  for  thermocouple  TC-D  in  Table  48. 

Tin  (National  Bureau  of  Standards  Sample,  m.pt.  s 

o 

231.9    C.)  was  melted  into  a  test  tube  and  covered  with  a 
layer  of  paraffin.    The  thermocouples  were  mounted  in  the  tin, 
the  test  tube  was  jacketed,  and  readings  were  taken  on  the 
freezing  point.     It  was  found  impossible  to  obtain  satisfac- 
tory warming  curves  on  the  sample  with  this  appartus  because 
of  the  difficulty  encountered  in  controlling  the  heat  input. 


N 


5. 
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the  source  of  which  was  a  Buna en  burner.    The  freezing  point 
data  are  recorded  in  Table  49  for  thermocouple  TC-C;  in 
Table  50  for  thermocouple  TC-D» 


c 


Table  46 


Working  Table 
the  Range  - 

for  Thermocouple  TC-B 
12.000  C.  to  -  18.250 

in 
C. 

(°c.) 

Etc-B 

(°C.) 

Erpc-B 

-12.00 

455.2 

-15.25 

676.1 

-12.25 

464.6 

-15.50 

585.3 

-12.50 

473.  9 

-15.75 

594.6 

-12.75 

483.2 

-16.00 

603.8 

-13.00 

492.5 

-16.25 

613.1 

-13.25 

501.8 

-16.50 

622.3 

-13.50 

511.1 

-16.75 

631.5 

-13.75 

520.4 

-17.00 

640.8 

-14 . 00 

530.0 

-17.25 

650.0 

-14.25 

539.0 

-17.50 

659.2 

-14.50 

548.3 

-17.75 

668.4 

-14.75 

557.6 

-18.00 

677.5 

-15.00 

566.8 

-18o25 

686.7 

4 


Table  47 


Calibration  Data  for  Thermocouple  TC-C 
at  the  Boiling  Point  of  Water 

June  25,  1948 

Zero  Time:     2:45  p.m. 
Pressure:     767.8  mm. 
-t  =  24.9°  C. 


Time 
(mln. ) 

Batteries 

Rest 
Before 

Point 
After 

Potentiometer 
Setting 

fj-a  Ivan  omet  ei 
Reading 

1 

37.0 

37.1 

37.1 

4273 
4278 

28.8 
39-4 

6 

37.0 

37.1 

37.1 

4273 
4278 

27.8 
38.3 

16 

37.0 

37.1 

37.1 

4274 
4279 

29.3 
40.0 

15 

37.0 

37.0 

37.0 

4274 
4279 

29.3 
40.0 

20 

37.0 

37.0 

37.0 

4274 
4279 

29.3 

40,0 

25 

37.0 

36.9 

36,9 

4274 
4279 

29.2 
39.8 

June  28, 

1948 

Zero  Time:     10:30  p.m. 
Pressure:  765.8 
t  =    21.0°  C. 

3 
3 

35.0 

34.9 

34.9 

4271 

4276 

28.7 
39.4 

IS 

35.0 

34.7 

34.7 

4271 
4276 

29.0 

39.9 

SO 

34.5 

34.6 

34.6 

4271 
4276 

28.8 
39.9 

30 

34.5 

34.6 

34.6 

4271 
4276 

28.8 
39.4 

45 

34,5 

34.6 

34.6 

4271 
4276 

28.5 

39.2 

55 

34.5 

34.6 

34.6 

4271 
4276 

28.1 
39.2 

60 

34.5 

34.7 

34.7 

4271 
4276 

28.2 

39.0 

70 

34.5 

34.7 

34.7 

4271 
4276 

28.6 
39.3 

4 


Table  48 

Calibration  Data  for  Thermocouple  TC-D 
at  the  Boiling  Point  of  Water 

August  30,  1948 

Zero  Time:     12:30  p.m. 
Pressure:     762.7  mm. 
tz  26.8°  G. 

Time        Batteries      Rest  Point        Potentiometer  Galvanometer 


1 

34.0 

34.1 

34  . 1 

5 

34.0 

33.8 

33o8 

10 

S4.0 

33.8 

33.8 

4265 
4270 

35.3 

15 

34.0 

31.7 

31,6 

4267 
4272 

22.3 
32.1 

25 

34.0 

31.5 

31.3 

4270 
4275 

28.0 
36.4 

30 

31.0 

31.3 

31.3 

4270 
4275 

28.2 
38.0 

35 

31.0 

3l.l 

31.1 

4270 
4275 

28.1 
37.8 

40 

31.0 

30.9 

30^9 

4270 
4275 

27.8 
37.7 

50 

31.0 

30.7 

30.7 

4270 
4275 

27.7 
37.5 

t 
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Table  49 

Calibration  Data  for  Thermocouple  TC-C 
at  the  Melting  Point  of  Tin 

July  24,  1948 

Run  1 


Time 

Batteries 

Rest 

rom  b 

ro uen biome  oer 

u-a  1  va  n  ome  u  er 

^min»  ; 

cei  ore 

Ai  Tier 

oet o  xng 

neau  mg 

1 

36.5 

36.5 

36.5 

13845 

36.5 

2 

36.5 

36.5 

36.5 

13000 

36.5 

3 

36.6 

36.5 

36.5 

12247 

36.5 

4 

36.5 

36.5 

36.5 

11615 

36.5 

5 

36.5 

36.5 

36.5 

11100 

36.5 

6 

36.5 

36.5 

36.5 

10595 

36.5 

i 

36.5 

36.3 

36.3 

10975 

30.7 

10980 

37.4 

10 

36.5 

36.3 

36.3 

10975 

30,1 

10980 

37.1 

■  13 

36.5 

36.3 

36.3 

10975 

31.7 

10980 

40.5 

15 

36.5 

36.3 

36.3 

10975 

drifting 

10980 


Run  2 

1  33.0        33.0  33.0  12360  33.0 


2 

33.0 

33.0 

33.0 

11618 

33.0 

3 

33.0 

33.0 

33.0 

11049 

33.0 

4 

33.0 

33.0 

33.0 

10486 

33.0 

5 

33.0 

33.0 

33.0 

10980 
10985 

32.3 
39.3 

6 

33.0 

33.0 

33.0 

10980 
10985 

32.5 
39.4 

7 

33.0 

33.0 

33.0 

10980 
10985 

32.4 
39.2 

8 

33.0 

32.9 

32.9 

10980 
10985 

32.3 
39.2 

33.0 

32.9 

32.9 

10980 
10985 

32.3 
39.3 

TD  3370  =  10980  driftin, 
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Table  49 
(concluded) 


Run  3 


Time 

Rest 

Point 

Potentiometer 

Ga Ivanometer 

(mln. ) 

Batteries 

Before 

After 

Setting 

Reading 

1 

33.0 

33.0 

33.0 

13384 

33.0 

2 

33.0 

33.0 

12766 

33.0 

3 

33.0 

33.0 

33.0 

12170 

33.0 

4 

33.0 

33,0 

33.0 

11552 

33.0 

5 

33,0 

33.0 

33.0 

10940 

33.0 

6 

33.0 

33.0 

33.0 

104  20 

33.0 

1 

33.0 

32.9 

33.3 

10980 

33.7 

10985 

40.7 

33.0 

33.3 

33.3 

10980 

33.3 

10985 

40.2 

11 

33.0 

33.3 

33.3 

10980 

33.3 

10985 

40o2 

13 

33.0 

33.3 

33.0 

10980 

33.2 

10986 

40.2 

r 
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Table  50 


Calibration  Data  for  Therraocouple  TG-D 
at  the  Melting  Point  of  Tin 

(12  Runs  were  Done  on  TG-D.  The  three  closest  to 
the  average  of  the  12  are  here  presented.) 


Time 
(mm. ) 

Batteries 

Rest 
Before 

Point 
After 

Potentiometer 
Setting 

Ga  Ivanometei 
Reading 

July  27,1948 

Run  4 

1 

31.0 

31.6 

31.6 

12971 

31.6 

2 

31.5 

31.6 

31.6 

12000 

31.6 

S 

31.5 

31.6 

31.6 

11420 

31.6 

4 

31.5 

31.5 

31.5 

10790 

31.5 

5 

31.5 

31.5 

31.5 

10971 
10976 

23.5 
29.7 

9 

31.5 

31.5 

31.3 

10971 
loyvo 

23.3 
29.  5 

11 

31.5 

31.3 

10971 
10976 

23.8 

drifting 

July  29,  1948 

Run  10 

5 

28.5 

28.7 

28.7 

10976 
10981 

26.3 

32o6 

7 

28.7 

10976 
10981 

26.3 
32.6 

2S.6 

28.7 

10976 
10981 

26.8 

drifting 

July 

29,  1948 

Run  12 

-"3|  

28.5 

10976 

5 

28.5 

10976 

6 

28.5 

28.5 

28.5 

10976 
10981 

27.7 
33.9 

—n — 

28.5 

28.5 

28.5 

10976 
10981 

26.8 
33.3 

9 

28.5 

28.5 

28.5 

10976 
10981 

26.8 
33.4 

28.5 

28.5 

28.5 

10976 
10981 

26.7 
33.2 

TS  2875  2875        2875  10976  dr 


r 


4 


The  EMF's  corresponding  to  the  steam  point  and  the 
melting  point  of  tin  were  calculated  and  these  results  are 
listed  in  Table  51,  along  with  the  EMP  values,  corresponding 
to  the  temperatures  at  which  the  experimental  readings  were 
taken,  of  a  standard  thermocouple  (12)   (Table  52). 

With  these  data  it  was  ^possible  to  plot  deviation 
functions  for  thermocouples  TC-C  (Figure  23)  and  TC-D 
(Figure  24). 

An  example  will  best  illustrate  the  use  of  these 
calibration  graphs.    Consider  Point  4  of  Run  3,  that  portion, 
in  particular,  which  relates  to  Thermostat  "A"  (whose  tempera- 
ture was  measured  by  TC-C).     In  the  reeding  taken  at  4  hrs. 
30  min.,  the  data  are 

4127  37.6 
4132  49.9 

The  rest  point  is  38.7    Therefore  the  output  of  the  thermo- 
couple at  this  temperature  is 

4127   .       (38.7-37.5)  (5)  _ 

+   4^.9-37.5   :  4127.5  uv. 

Using  Figure  23,  we  find  that  at  4127.5  uv,  the  deviation  from 
the  standard  thermocouple  is  11.2  uv.,  that  is,  if  11.2  uv. 
are  added  to  the  observed  reading,  one  obtains  the  reading 
which  would  be  observed  with  the  standard  thermocouple.  Then, 
using  Table  52,  interpolation  is  made  and  the  temperature  is 
found  to  be  97.08°  G. 


^ 


Table  51 


Summary  of  the  Calibration  Data  of  Thermocouple 
TG-G  and  TG-D  at  the  Boiling  Point  of 
Water  and  the  Melting  Point  of  Tin 


Thermocouple  TG-C 

At  the  steam  point: 

o 

Run  1  Observed  EMP  at  100.29    C.  4277.6  }xv. 

Calculated  EMP  at  100.29°  C.        4289.3  >iv. 

(from  Standard  Thermocouple) 
Deviation  11.7  ;iv. 

0 

Run  2  Observed  EMF  at  100.20    C.  4273#3  ;liv« 

Calculated  EMF  at  100.20°  C.        4285.3  jiv, 

(from  Standard  Thermocouple) 
Deviation  11.5  ^v» 

At  the  melting  point  of  tin: 

Observed  EMP  (Run  1)  10979.4  jLiv. 

"  "     (Run  2)  10980.5  juv. 

"  "     (Run  3)  10980.0  yW.\r 

Calculated  EMP  at  231.9°  C.        11008.8 ^v. 

(from  Standard  Thermocouple) 
Deviation  28.8 ^v. 


Table  51 
(concluded) 

Thermocouple  TG-D 

At  the  steam  point: 

o 

Observed  EMP  at  100.10    C.  4271«6  ;iv 

Calculated  EMP  at  100.10°  G.  4280,4  ;ulv 

(from  Standard  Thermocouple) 
Deviation  8.8  /iv 

At  the  melting  point  of  tin: 


Observed 

EMF 

(Run 

1) 

10974.3  >iv 

If 

tt 

(Run 

2) 

10973.6  }iv 

tt 

n 

(Run  3) 

10976-2  uv 

n 

tt 

(Run  4) 

10977.6  ;av 

n 

ft 

(Run 

5) 

10979.1  ;iv 

ti 

ft 

(Run 

6) 

10979.2 

II 

ft 

(Run 

7) 

10978.9  ^v 

n 

ft 

(Run 

8) 

10980.3  ;av 

n 

ft 

(Run 

9) 

10980.0  ^v 

ti 

n 

(Run 

10) 

10977.9 

ir 

tt 

(Run 

11) 

10978.6 ;av 

If 

tt 

(Run 

12) 

10977.3  /x^ 

Average 

10977.7 

Calcu leted 

EMP 

at  231.9°  G. 

11008.8  pv 

)from  Standard  Thermocouple) 
Deviation  31.1  jiv 


Table  52 

ET^F  -  Temperature  Relationship 
of  Standard  Thermocouple 

(International  Critical  Tables,  1  ,  58) 


E 

\^  V   •  / 

0 

1000 

2000 

3000 

4000 

5000 

6000 

0 

0 

25.27 

49.20 

72.08 

94.07 

115.31 

135.91 

100 

2.59 

27.72 

51.53 

74.31 

96.23 

117.40 

137.94 

200 

5.16 

30.15 

53.85 

76.54 

98.38 

119.48 

139.96 

300 

7.72 

32.57 

56.16 

78.76 

100.52 

121.56 

141.98 

400 

10.27 

34.98 

58.46 

80.97 

102.66 

123.63 

143.99 

600 

12.80 

37.38 

60.76 

83.17 

104.79 

125.69 

146.00 

600 

15,52 

39.77 

63.04 

85.37 

106.91 

127.75 

148.00 

700 

17.83 

42.15 

65.31 

87.56 

109.02 

129.80 

150.00 

800 

20.32 

44.51 

67.58 

89.74 

111.12 

131.84 

151.99 

900 

22.80 

46.86 

69.83 

91.91 

113.22 

133.88 

153.97 

1000        25.27  49.20    72.08      94.07     115.31      135.91  155.95 


f 


Table  52 
(concluded ) 


E 

()1V.  ) 

7000 

8000 

9000 

10000 

11000 

12000 

U 

Tec  QC 

loo*  yo 

i  /O. OU 

dxo%oo 

0*2  1  Oil 

<iol.  /4 

249.82 

100 

157*  92 

177.43 

196. 51 

215. 21 

233.56 

251.61 

200 

159,89 

179.36 

198.40 

217.06 

235. 38 

253.40 

300 

161 .Bo 

TOT. 

18 lo  28 

200.28 

<^18.  91 

237. 20 

255. 18 

»  uu 

XoO  •  <iU 

oon  n't; 
<o«^U.  fO 

2t)D .  yo 

500 

165.73 

185.11 

204.04 

222.59 

240.82 

258.74 

600 

167.73 

187.02 

205.91 

224.43 

242.63 

260.52 

700 

169.68 

188.93 

207.78 

226.26 

244.43 

262.29 

800 

171.62 

190.83 

209.64 

228.09 

246.23 

264 . 06 

900 

173.56 

192.73 

211.50 

229.92 

248.03 

265.83 

1000  175.50    194.62    213.36      231.74     249.82  267.60 
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